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AT T nSTfJJl IC NUCLEIC ACID SENSOR MOUECt JI:R<^ 

This patent application claims pnority from Sdwert et aL, USSN (IBD), filed 
NovCTiber 1, 2002, which is a continuation-in-part of Seiwert al., USSN (TBD), filed 
October 30, 2002, both entitled *T)ETiECTION OF NUCLEIC ACIDS USING 
5 MULUCOMPONENT NUCLEIC ACED SENSOR MOLECULES"; which is a 
continuation-in-pait of Usman et al., USSN (10/056,761), filed January 23, 2002, which 
is a coIltin^latio^ in part of Usman et al., USSN (09/992,160)» filed November 5. 2001, 
entitled "NUCLlEIC ACID SENSOR MOLECULES", which is a continuation-in-pait of 
Usman et al., USSN (09/877,526) filed June 8, 2001 which is a continuationrin^part of 

10 Usman et al. USSN (09/800,594), filed March 6, 2001, entitled ."^CLEIC ACID 
SENSOR MOLECULES", which claims priority &am Usman et al., USSN (60/187,128), 
filed March 6, 2000, entitled "A PROCESS FOR THE DETECTION OF NUCLEIC 
ACID USING NUCLEIC ACID CATALYSTS". This patent application also claims 
priority fix>m International PCT Application No. PCT/USOl/07163 (Publication No. WO 

15 01/66721), filed March 6, 2001, entitled ••NUOUBIC ACID SENSOR MOLECULES". 
These applications are hereby incozporated by reference herein in thdir entirety including 
the drawings. 



Field of the Invention 

This invention relates to novel molecular sensors, including multicbmponent 
20 nucldc acid sensors and Hal&ymes, that utilize enzymatic nucleic acid constructs whose 
activity can be modulated by the presence or absence of various signaliiig agents. The 
present invention further relates to the use of the enzymatic nucleic acid constmcts as 
molecular sensors capable of modulating the activity, fimction, or physical properties of 
other molecules. The invention also relates to the use of the enzymatic nucleic acid 
25 constructs as a diagnostic application, useful in identifying signaling agents in a variety of 
i^lications, for example, in clinical, indiistrial, eavironmental, agricidtural and/or 
research settings. The invention fiother relates to the use of the nucleic acid sensor 
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constructs as a tool to identify the presence of genes and/or gene products vftacb. are 
indicative of a particular genotype and/or phenotype, for example a disease state, 
infection, or related condition wittiin subjects. In addition, the invention relates to the use 

nr^ri s«nRnr molecules in iucleic acid-based electronics, including nucleic acid- 



5 based circuits and computers. 



Raftlcpummd nf the Ipveption 



The following is a brief description of diagnose and sensor-based appHcations for 
nucleic acids. This summary is provided only for understanding of fee invention that 
follows. This summary is not an admission that all of the work described below is prior 
10 art to the claimed inventioii. 

The detection of biomolecules, for example nucleic acids, can be hi^y beneficial 
in the diagnosis of diseases or medical disorders. By detennining the presence of a 
specific nucleic acid sequence, investigators can confirm the presence of a virus, 
bacteriumi genetic mutation, and other conditions that can relate to a disease. Assays for 
15 nucldc acid sequences can range fi»m simple methods for detection, such as northern 
blot hybridization using a radiolabeled or fluorescent probe to detect the presence of a 
nucleic acid molecule, to the use of polymerase chain reaction (PGR) to amplify a smaU 
quantity of a specific nud^c add to the point at which it can be used for detection of the 
sequence by hybridization techniques. The polymerase chain reaction, uses DNA 
20 polymerases to logarithmically amplify ihe desired sequence (U.S. 4,683,195; U.S. 
4,683,202) using pre&bricated primers to locate specific sequoices. Nucleotide probes 
can be labeled using dyes, fluorescent, diemiluminescent, radioactive, or enzymatic 
labels which are commercially available. These probes can be used to detect by 
hybridization, the expression of a gene or related sequences in cells or tissue samples in 
25 which Ihe gene is a normal component, as wdl as to screen sera or tissue samples firom 
humaijs suspected of having a disorder arising fi»m infection with an organism, or to 
detect novel or altered genes as might be found in tumorigenic ceUs. Nucleic acid 
primeas can also be prepared which, with reverse transcriptase or DNA polymerase and 
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PGR, can be used for detection of nucleic acid molecules that are present in very small 
amounts in tissues or fluids. 

■ 

PGR utilizes protein enzymes (DNA polymerase) to detect .specific nucleotide 
sequences. PGR has several disadvantages, for example requiring a high d^ee of 
5 technical competence for reliability, high reagent costs, and sensitivity to contamination 
lesultmgmfelse positives. • 

Several groups to date have completed draft sequences of the entire human genome. 
To capitalize on this information, an efifort to coirelate changes in specific mRNA levels 
with different disease states has been initiated. The synergy of these efforts has been 

10 highly successfiil and there is now a wealth of infomiation relating specific changes in 
gene expression to disease states. One drawback to the currently available data is that it is 
not always tme that a disease state is reflected by changes in the level of g^e expression, 
hicreasingly, post-translational events that control the function of gene products (such as 
protein processing and protein phosphorylation) have be^ shown to play important roles 

is in the conversion from a *'well" to '"diseased" ph^otype. Thus, to efficiently use tiie data 
generated in the htm:ian genome project for the benefit of human health, a profile of 
disease-specific genomes and proteomes must be generated. Such information will, be 
essential for the graeration of treatment outcomes data that liidc subject and disease 
' characteristics with future treatment events. Therefore, a clear need exists for molecular 

20. tools that can generate such disease specific genomes and proteomes or Diagnostic 
Molecular Profiles that correlate individual cellular and molecular events with disease 
outcomes profiles. These profile^ can then be used to rationally drive treatment policy 
decisions resulting in better subject care and reductions in health care spending. 

A class of enzymes which can be utilized for diagnostic and sensor purposes is 
25 enzymatic nucleic acid molecules ^uwabara et aL, 2000, Cmtt. Opin. Chenu Bio., 4, 
669; Porta et al., 1995, Biochemistry, 13, 161; Soukup et al, 1999, IWTECH, 17, 469; 
Marshall et al., 1999, Nature Struc Biol, 6, 992). The enzymatic nature of an enzymatic 
nucleic acid rnolecule can be advantageous over other sensor technologies, since the 
concentration of analyte necessary to generate a detectable response can be lower than 
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iJiat reqdied wiA oilier sensor systems which can require ampUbcation steps, ims 
advantage reflects the ability of the enzymatic nuclac acid molecule to act enzymatically. 
Thus, a specific enzymatic nucleic acid molecule is able to amplify a given signal in 
response to. a single recognition event Such enzymatic nucleic acid-based sensor 
molecules are often referred to in the ait as allosteric ribo2gm[ies or allosteric DNAzymes. 

In addition, the enzymatic nucleic acid molecule is a highly q>ecific sensor 
molecule that can be engineCTed to respond to a variety of different signaling events. The 

. use of in vitro selection techniques can be appUed to the sdection of new enzymatic 
nucleic acid molecules tiiat are capable of allosteric modulation. Previous work in fliis 

10 area has focused on combining known aptamer and raizymatic nucleic acid molecule 
sequences (Breaker, International PCI PubKcation No. WO 98/2714). Later work has 
revealed bridge sequences that connect the receptor and enzymatic sequence domains 
together. These bridging sequences fimction such that binding of a ligand to the receptor 
domain triggers a conformational change within tiie bridge, thus modulating 

15 • phbsphodiester cleavage activity of the adjoming enzymatic sequence (Breaker, 
International per Publication No. WO 00/26226). 

George et aL. US Patent Nos. 5,834,186 and 5,741,679, describe regulatable RNA 
molecules whose activity is altered in thepresoice of a ligand. 

Shih et aL, US Patent No. 5,589,332, describe a method for the use of ribozymes to 
20 detect macromolecules such as proteins and nucleic acid. 

Nathan et al, US Patent No 5,871,914, describe a method for detecting the 
«r«e»«^. «-F aTi afietraeA nucleic acid bascd on a two component ribozyme system 



containing a detectioii ensemble and an RNA amplification ensemble. 



Nathan and Ellington, International PCT pubtication No. WO 00/24931, describe 
25 the detection of an analyte by a catalytic nucleic acid sequence which converts a nucleic 

substrate to a catalytic nucleic acid product in the jnresence of the analyte. The 
ytic nucleic acid product is tiien amplified, by PGR. 
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Sullenger et al, IntematioDal PCT publication No. WO 99/29842, describe nucleic 
acid.mediated RNA tagging and KNA revision. 



Usznan et aL, International PCI Publication No. WO 01/j66721, describes nucleic 
acid sensor molecules. 

5 Natban et hi.. International PCT Publication No. WO 9S/08974. describes specific 

cofactor-4ependent ribozyme constriicts. 



RiirmTtflr y pf ifae Invention 

i ■ 
• • • 

The present invention relates to nucleic acid-based molecular sensors whose 

activity can be modulated by the presence or absence of various signaling agents, ligands, 

I . . • ^ 

10. and/or taiget signaling molecules. The invention further relates to a method for the 
. detection of specific target signaling molecules such as nucleic acid molecules, proteins, 
peptides, antibodies, polysaccharides, lipids, sugars, metals,^ microbial or cellular 
metabolites, analytes, pharmaceuticals, and odier organic and inoiganic molecules using 
nucleic acid sensor molecxiles in a variety of analytical settings, including clinical^ 

ft 

IS industrial, veterinary, genomics, environmental, and agricultural applications. The 

invention furthi^ relates to the use of the nucleic acid sensor molecule as molecular 

• • * " 

sensors capable of modulating the activity, function, or physical properties of other 

« 

molecules. The present invention also contemplates the use of the nucleic acid sensor 

* 

molecule constructs as molecular switches, capable of inducing or negating a response in 
20 a systeni, for example in a niicleic acid-based circuit or coinputer. *' 



The invention further rdates to the use of nucleic acid sensor molecules in a 
diagnostic application to identify the presence of a target signaling molecule such as a 
gene and/or gene products which are indicative of a particular genotype and/or phenotype, 
for example, a disease state, infection, or related condition within subjects or subject 
25 samples. The invention also relates to a method for the diagnosis of disease states or 
physiological abnormalities related to the expression of viral, bacterial or cellular RKA 
andDNA. 
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The present iBveatioii also relates to compoiinds and methods for the detection of 
nncl^c acid molecules, polynucleotides, and/or oligonucleotides to detennine the 
^ presoLce of infectious disease agents in a sample or subject The invention also relates to 
coinpounds and methods for the detection of nucleic acid molecules, polynucleotides, 

S and/or oligonucleotides in a sample or subject as maxkers or indicators for various 
diseases and/or conditions in subject in certain embodiments, the invention relates to 
novel multicomp>onent nucleic acid senisor molecules that utilize enzymatic nucleic acid 
~ constructs whose activity can be modulated by the presence or absence of signaling 
agents that include nucleic acids, polynucleotides and/or oligonucleotides associated with 

10 a particular infectious agent, disease or condition. The present invention further relates to 
the use of the multicomponent enzymatic niicleic acid coiistructs as molecular sensors 
capable of modulating 'Qie. activity, fimction, or physical properties of otho: nucleic acid 
molecules usefiil in detecting nucleic acids, polynucleotides and/or oligonucleotides 
associated with a particular infectious agent, disease or condition. The invention also 

15 relates to the use of the multicomponent enzymatic nucleic acid constructs as diagnostic 
reagents, useful in identifying such signaling agents in a variety of applications, for 
example, in screening biological samples or fluids for infectious disease causing agents 
(e.g., viruses and bacteria) or for screening biological samples or fluids for markers of 

« 

various diseases or conditions in a subject (e.g., diseases or conditions having a genetic 
20 basis). 

. The invention further relates to the use of multicpmponent nucleic acid sensor 
molecules in a diagnostic application to id^tify the presence of a target signaling 
molecule such as a. g&ne and/or gene products which are indicative of a particular 
genotype and/or phenotype, for example, a disease state, infection, or related condition 
25 within subjects or subject samples. The invention also relates to a metiiod for the 

diagnosis of disease states or physiological abnormalities related to the expression of 

. ♦ 

viral, bacterial or cellular RNA and DNA. 

Diagiiostic applications of the nucleic acid sensor molecules include the use of the 
multicomponent nucleic acid s^isor molecules for prospective diagnosis of disease. 
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■ • 

prognosis of therapeutic effect and/or dosing of a drug or class of drugs, prognosis and 

■ 

inonit£»ing of disease outcome, monitoring of subject progress as a function of an 
approved drug or a drug under development, subject surveillance and screening for drug 
and/or drug treatment Diagnostic applications include the use of multicomponent nucleic 
S acid s^isors for research, development and conmaercialization of products for the rapid 
detection of macromolecules, such as mammalian viral nucleic acids for the diagnosis of 
diseases associated with viruses, prions and viroids in humans and animals. 

• • ■ ^ 

■ 

• • * * 

• Diagnostic applications of the nucleic acid sensor molecules include the use of the 
nucleic acid sensor molecules for ^ prospective diagnosis of disease, prognosis of 
• 10 therapeutic effect and/or dosing of a drug or class of drugs, prognosis and monitraing of 
disease outcome, monitoring of subject progress as a function of an approved drug or a 
drug imdo: development, subject surveillance and screening for dmg and/pr drug 
treatment Diagnostic applications include the use of nucleic .acid SCTisors for research, 
development and commercialization of products for the rapid detection of 
IS macromolecules, such as mainmaliaTi viral nucleic acids, prions and viroids for the 
diagnosis of diseases associated with viruses, prions and viroids in humans and animals. 

Nucleic acid sensor molecules can also be xised in assays to assess the specificity, 
toxicity and effectiveness of various small molecules, nucleoside analogs, or non-nucleic 
acid drugs, or doses of a specific small molecules, nucleoside analogs or nucleic acid and * 

20 non-nucleic acid drugs, against validated targets or biochemical pathways and include the 
use of nucldic acid sensors in assays involved in hig^-tbrougl^ut screening, biochemical 
assays, including cellular assays, in vivo animal models, clinical trial management, and 
for mechanistic studies xq human clinical studies. The nucleic acid sensor can also be 
used for the detection of pathogens, biochemicals, for example proteins,' organic 

25 compounds, or inorganic compounds, in humans, plants, animals or samples therefrom, in 
connection wi'di envhonmental testing or detection of biohazards. The use of the nucleic 
acid sensor molecules in other applications such a functional genomics, taiget validation 
and discov^y, agriculture or diagnostics, for example the diagnosis of disease, or the 
prevention or treatment of human or animal disease is also contemplated. 
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In one embodiment, the system of tbe instant invention is an in vitro system. The in 
^dtro system can be, for example, a sample derived from an oiganism, maniTnal, subject, 
plant, water, beverage, food preparation, or soil or any combination thereof. In another 
embodiment, tiie system of the instant invmtion is an in vivo system. The in vivo system 
S can be, for example, a bacteria, bacterial cell, fungus, fungal cell, virus, plant, plant cell, 
mammal, mammalian cell, human or human cell. In another CTibodiment, the system can 
be a test sample, for example, a blood. sanq>le, serum sample, urine senile, or other - 

« 

tissue sample, cell extract, cell, tissue extract, or entire organism. 

In one embodimrat, the target signaling molecule of the instant invention is an 
1 0 RNA, DNA, analog of KNA or analog of DNA. In one embodiment, the target signaling 
molecule of the instant invention is an KNA derived from a bactma, virus, fungi, plant or 
mammalian genome. 

In one embodiment, the reporter molecule of the instant invention is KNA, DNA, 
RKA analog, or DNA analog. 

i 

15 In one embodiment, the reporter molecule of the instant invention comprises a 

detectable label selected from the group consisting of chromogenic substrate, fluorescent 
labels, ch^niluminescent labels, and radioactive labels and enzymes. Suitable enzymes 
include, for example, lucifmse, horseradish peroxidase, and alkaline phosphatase. 

In another embodiment, the reporter molecule of the instant invention is 
20 immobilized on a solid support Sxiitable solid supports include silicon-based chips, 
silicon-based beads, controlled pore glass, polystyrene, cross-linked polystyrene, 
nitrocellulose, biotin, plastics, metals and polyethylene films. 

In one embodiment the sensor component of the nucleic acid sensor inolecule is 
KNA, DNA, analog of KNA or analog of DNA 

25 In another embodiment, the sensor component of the nucleic acid sensor inolecule 

is covalently attached to tiie nucleic acid sensor molecule by a linker. Suitable link^ 
include one or more nucleotides, abasic moieties, polyethers, polyamines, polyamides, 



1 
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peptides, carbohydrates, lipids, and polyhydrocarbon compounds, and any combination 
thereof. 

In another embodiment, the sensor component of the nucleic acid sensor molecule . 

V 

is not covalently attached to the nucleic acid sensor molecule. 

S. - In one embodiment, the invention features a nucleic acid sensor molecule 

comprising an enzymatic nucleic acid component' and one or more sensor components, 
wherein, in response to an interaction of a single stranded KNA (ssRNA) having a single 
nucleotide polymorphism. (SNP) widi the nucleic acid sensor molecule in a system, the 
enzymatic nucleic acid component catalyzes a chemical reaction resulting in a detectable 
10 response. 

In another embodiment, the invention features a nucleic acid sensor molecule 
comprising an enzymatic nucleic acid component and one or more sensor components, 

* 

wherein, in response to an interaction of a single stranded DNA (ssDNA) having a single ~ 
nucleotide polymorphism (SNP) with die nucleic acid sensor molecide in a system, the 
IS enzymatic nucleic acid component catalyzes a chemical reaction resulting in a 'detectable 
response. 

In yet anotber embodiment, the invmtion features a nucleic acid sensor molecule 
comprising an enzymatic nucleic acid component and one or more SCTSor components, 
wherein, in response to an interaction of a peptide with the nucleic acid sensor molecule 
20 in a system, thp enzymatic nucleic acid component catalyzes a chemical reaction resulting 
in a detectable response. 

• - • 

hi another embodiment, the invention features a nucleic acid sensor molecule 
comprising an enzymatic nucleic acid component and one or more sensor components, 
wherein, in response to an interaction of a protdn with the nucleic acid sensor molecule 
25 in a system, the enzymatic nucleic acid component catalyzes a chemical reaction resulting 
in a detectable response. 
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la one embodiment, the mvention features a nud^c acid sensor molecule 
comprising an enzymatic nucMc acid component and one or more sensor compon^ts, 
wherein, in response to an interaction of a single stranded KNA (ssRNA) with the nucleic 
acid sensor molecule in a system, the enzymatic nucleic acid componrat catalyzes a 
5 ch^nical reaction resulting in the cleavage of a predetemiined nucleic acid molecule 
associated with a diisease. 

In another embodiment, the invoition features a nucleic acid sensor molecule 
* ■ * • . 

comprising an enzymatic nucleic acid component and one or more sensor components, 

wherdn, in response to an interaction of a single stranded DNA (ssDNA) with ihe nucleic 

• ' , • m 

10 acid sensor molecule in a system, the enzymatic nucleic acid component catalyzes a 
chemical reaction resulting in the cleavage of a predetermined nucleic acid molecule 
associated with a disease. 

• • * 

In yet another embodiment, the invention features a nucleic acid sensor molecule 

comprising an enzymatic nucleic acid component and one or more sensor components, 

15 wherein, in response to an interaction of a peptide with the nucleic acid sensor molecule 

•in a system, the enzymatic nucleic acid component catalyzes a chemical reaction resulting 

in flie cleavage of a predetermined nucleic acid molecule associated with a disease. 

• « 

In another embodiment, the invardon features a nucleic acid sensor molecule 
comprising an enzymatic nucleic acid componmt and one or more sensor components, 
20 wherein, in response to an interaction of a protein with the nucleic acid sensor molecule 

♦ 

in a $ystem, the enzymatic nucleic acid componrat catalyzes a chemical reaction resulting 
in the cleavage of a predetermined nucleic acid molecule associated with a disease. 

■ 

In one embodiment, the invention features a nucleic acid sensor molecule 
comprising an enzymatic nucleic acid component and one or more sensor conq>onents, 
25 wherein, in response to an intetoction of a single stranded RNA (ssRNA) with the nucleic 
acid sensor molecule in ai system, the oizymatic nucleic acid component catalyzes a 
chemical reaction resulting in ligation of a predetermined nucleic acid molecule to 
another predetermined nucleic acid molecule. 
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In another embodiment, iJie invention features a nuddc add sensor molecide 
comprising an enzymatic nucleic acid component and one or more sensor components, 
wherein, in response to an interaction of a single stranded DNA (ssDNA) with the nuddc 
acid sensor molecule in a system, the enzymatic nucleic acid coriiponent catalyzes a 
chemical reaction resulting in ligation of a predetermined nucleic add molecule to 
another predetermined nuddc add molecule. 

In yet another embodiinent, ihe invention features a nuddc add sensor molecule 

one or more sensor components, 
wherein, in response to an interaction of a peptide with the hucldc add sensor molecule 
in a Q'stem, the enzymatic nucleic add component catalyzes a chemical reaction resulting 
in Ugation of a predetennined nucldc add molecule to another predetennined nucldc 
add molecule. 

In still another embodiment, the invention features a nucldc acid sensor molecule 
comprismg an enzymatic nucldc add component and one or more sensor components 
wherein, in response to an interaction of a protein with the nuddc add sraisor molecule 
in a system, the enzymatic nuddc add component catalyzes a chemical reaction resulting 
in Ugation of a predetermined nucldc add molecule to another predetermined nucleic 
add molecule. 



m uue cmDocmneni, me mvention features a method comprising: (a) contacting a 
nucldc add. sensor molecule of the mvention with a system comprising at least one 
ssRNA. having a single nucleotide polymorphism (SNP) under conditions suitable for the 
enzymatic nucldc acid conq)anent of tiie nuddc add sensor molecule to catalyze a 
chemical reaction resulting in a detectable response; and (b) assaying for the detectable 



In another embodiment, the invention features a method conqnising: (a) contacting 
a nucldc add sensor molecule of the invention wifli a system comprising at least one 
ssDNA havmg a single nucleotide polymorphism (SNP) under conditions suitable for the 
enzymatic nucldc add conq)6nent of the nucldc add sensor molecule to -catalyze a 
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■ 

chemical reaction resulting in a detectable response; and (b) assaying for the detectable 
response. 

■ • 

hi another embodiment, the invoition features a method comprising: (a) contacting 
a nucleic add sensor molecule of the invention with a system comprising at least one 
peptide under conditions suitable for the enzymatic nucleic acid component of the nucleic 
acid sensor molecule to catalyze a chemical reaction resulting in a detectable response; 
and (b) assaying for the detectable response. 

hi yet another embodiment, the invention features a method comprising: (a) 
contacting a nucleic acid smsor molecule of ihe invaition with a system comprising at 
least one protein, under conditions suitable for tiie CTizymatic nucleic acid component of 
the nucleic acid sensor molecule to catalyze a chemical reaction resiilting in a detectable 
response; and (b) assaying for the detectable response. 

In one embodiment, the invention features a method comprising contacting a 
nucleic acid sensor molecule of tiie invention wifli a systrai. conqirising at least one 
ssRNA under conditions suitable for the enzymatic nucleic acid component of the nucleic 
acid sensor molecule to cleave a predetermined nucleic acid molecule. 

In another embodiment, the invention features a method conq>rising the steps of 
contacting a nucleic acid sensor molecule of the inv^tion with a system comprising at 
least one ssDNA under conditions suitable for the enzymatic nucleic acid component of 
the nucleic acid sensor molecule to cleave a predetermined nucleic acid molecule 

hi yet another embodiment, the invCTction features a method comprising the st^s of 
contacting, a nucleic acid sensor molecule of flie mvmtion with a system comprising at 
least one peptide under conditions suitable for the enzymatic nucleic acid component of 
the nucleic acid sensor moleciile to cleave a predetermined nucleic acid molecule. 

Jn another embodimeaf; the inventioii featmes a method compiising the ^teps of 
contacting a nucleic acid sensor molecule of the invention with a system conqmsing at 
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least one protein, under conditions suitable for the enzymatic nucleic acid component of 
the nucleic acid sensor molecule to cleave a predetemuned nucldc acid molecule. 

fii one embodiment, the invention features a method comprising contacting a 
nucleic acid sensor molecule of the inveatiou witii a system coiiq}risiiig at least one 
5 ssRNA having a single nucleotide polymoiphism (SNP) under conditions suitable for the 
enzymatic nucleic acid component of the nucleic acid sensor molecule to ligate a 
predetermmed nucleic acid molecule to another predetermined nucleic acid molecule. 

In ano&er embodiment, the invention features a method conq)rising the st^s of 

• * ■ 

contacting a nucleic acid sensor molecule of the invention wifli a system conq>risiiig at 
10 least one ssDNA having a single nucleotide polymorphism (SNP) under conditions 
suitable for tiie enzymatic nucleic acid conqxment of tiie nucleic acid sensor molecule to 
ligate a predetermined nucleic acid molecule to another predetdtmined nucleic acid 
molecule. 

In yet another embodiment, flie invention features a method comprising flie steps of 
15 contacting a nucleic acid sensor molecule of tiie invention witii a Systran comprising at 
least one pqitide undw conditions suitable for tiie enzymatic nucleic acid component of 
the nucleic acid sensor molecule to ligate a predetermined nucleic acid molecule to 
another predetermined nucleic acid molecule. 

In another onbodiment, tiie invoition features a method con^rising the steps of 
20 contactix^ a nucleic acid sensor molecule of the invention with a system comprising at 

* 

least one ptotein, under conditions suitable for the enzymatic nucleic acid component of 
the nucleic acid sensor molecule to ligate a predetennined nucleic acid molecule to 
another predetermined nucleic acid molecule. 

In one embodiment, the invention features a method of using the nucleic acid 
25 sensor molecules of the invention to determine the function or validate a predetermined 
gene target, a predetCTinined RNA target, a predetennined peptide target, or a 
predetermined protein target 
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In anotber embodim^t, the mventioii features a method of. using the nucleic acid 

* ' 

sensor molecules of the invention to deteanine a genotype or to characterize single 
nucleotide polymorphisms (SNPs) in a gene or genome. In another embodiment. Hie 

* • * 

invention features a method of using Ihe .nucleic acid sensor molecules of the invention to 
5 determine SNP scoring. 

In anothCT embodiment, the invention features a method of using the nudeic acid 
sensor molecules of the invention to determine a proteome, for example a disease specific 
proteome or treatment specific proteome. In yet another embodiment, the invention 
features a metihod of using the nucleic acid sensor molecules of the invention to 
10 determine a proteome map or to determine proteome scoring. . 

In one embodiment, .the invention features a method of using the nucleic acid 
sensor molecules of fhe invention to determine the dosage of a therapy used in treating a 

■ 

subject, to determine susceptibility of a subject to disease, to deteimine drug metabolism 
in a subject, to select a subject for a clinical trail, to detemiine a choice of therapy in a 
15 subject, or to treat a subject 

« 

In another embodiment, the detection of a chemical reaction in a method of the 
invention is indicative of the presence of the target signaling agent in the system. 

In another embodiment, the absence of a chemical reaction in a method of the 
invention is indicative of the system lacldng the tas^et sig^aling agent 

• « 

20 In one embodiment, a system of the invention is an m vitro system, for example, a 

sample derived from an organism, mammal, subject, plant, water, beverage, food 
preparation, or soil, or any combioation thereof 

In another embodiment, a system of the invention is an in vivo system, for example, 
a bacteria, bacterial cell, fungus, fungal cell, virus, plant, plant cell, mammal, mammalian 
25 cell, hu m a n, or human cell. In another embodiment, the syst^n can be a test sample, for 
example, a blood sample, serum sample, urine sample, or other tissue sample, cell exbract, 
cell, tissue extract, or entire organism. 
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la another embodiment, a componeat of a nucleic acid sensor molecule of Hie 
invention compiises a hammerhead, haiipin, inozyme, G-cleaver, Zinzyme, KNase P EGS 
nucleic acid, DKAzyme^ Ambeizyme, or Class I ligase motif. 

* 

A chemical reaction of a nucleic sensor molecule of the invention can comprise, for 
5 example, cleavage of a phosphodiester intemucleotide Imkage, ligation of a 
predetermined nucleic acid molecule to the nucleic acid sensor molecule, ligation of a 
* predetermined nucleic acid molecule to another predet^mined nucleic acid molecule, - 
isomerization, phosphorylation of a pqptide or protein, dephosphoiylatipn of a p^tide or 
protein, RNA polymerase activity, an increase or decreaise in fluorescence, an increase or 
10 decrease in enzymatic activity, an increase or decrease in the production of a precipitate, 
an increase or decreeise in chemoluminesc^ce, or an increase or decrease in radioactive 
emission. 

In another embodiment, the invoition features a kit coniprising a nucldc acid 
sensor molecule of the invention. 

15 In another embodiment, the invration features an anray of nucleic acid sensor 

molecules comprising a predetermined number of nucleic acid sensor molecules of the 

■ 

invention. In one CTobodimen^ a nucleic acid sensor molecule of the instant invention is 
attached to a solid sui&ce. Preferably, the sui&ce of the instant invention comprises 
silicon-based chips, silicon-based beads, controlled pore glass, polystyrene, CTOSS-Iinked 
20 polystyrene, nitrocellulose, biotin, plastics, metals and polyethylene films: 

In anolher CTibodiment, the invention features a nucleic acid sensor molecule 
comprising an enzymatic nucleic acid component and one or more sensor components, 
wherein, in response to an iiiteraction of a Hepatitis C virus CHCV) peptide with the 
' nucleic acid sensor molecvde in a system, the enzymatic nucleic acid component catalyzes 
25 a chemical reaction resulting in resulting in the cleavage of a predetermined KNA 
molecule associated with a disease, for example Hepatitis C virus (HCV) RNA. 

In yet another embodiment, the mvaition features a nucl^c acid sensor molecule 
comprising an enzymatic nucleic acid component and one or more sensor components. 
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wherein, in response to an interaction of a Hepatitis C vims. (HCV) protein, for example a 
HCV core protein or coat protein, with the nucleic acid sensor molectile in a system, the 
eazymatic nucleic acid component catalyzes a chCToical reaction resulting in resulting in 
the cleavage of a predetennined KNA molecule associated with a disease, for^icample 
5 HCVRNA. 

In ope embodiment, a nucleic acid sensor molecule of the invention comprises a 

• • • 

sensor componient having a sequence d^ved from the Hepatitis C virus (HCV) S'-UTR, 

• . 

for exLample structural domains nfa'TTlf, I, II or IV. 

In another embodiment, the invention features a pharmaceutical com]>osition 
10 . comprising a nucleic acid sensor molecule in a pharmaceutically acceptable carrier. 

. m 

In one embodiment, the invention features a method of administering to a cell, for 
example a mamTnalian cell or human cell, a nucleic acid sensor molecule of the invention 
comprising contacting &e cell with the nucleic acid sensor molecule mider conditions 
suitable for the administration. The method of administration can be in the presence of a 
I S delivery reagent, for example a lipid, cationic lipid, phospholipid, or liposome. 

• ■ 

In another embodiment, the invention features a cell, for example a mammalian 
cell, such as a human cell, plant cell, bact^al cell, or fungal cell, including a nucleic acid 
s^isor molecule of the invention. 

In another CTibodiment, the invration features an expression vector comprising a 
20 nuclric acid sequence encoding at least one nucleic acid sensor molecule of the invention 
in a manner .which allows expression of die nucl^c acid sensor molecule. 

In yet another embodiment, the invention features a mammalian cell, for example a 
human cell, including an expression vector of the invention. 

In one embodiment, an expression vector of the invention further comprises a 
25 sequence for a nucleic acid sensor molecule complementary to an RNA having Hepatitis 
C virus (HCV) sequoice. 
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la another embodimCTt, an expression vector of the mvention comprises a nucleic 
acid sequence encoding two or more nucldc acid sensor molecules, which may be the 
same or difTerent 

» * • 

In another embodiment, a peptide contonplated by the invention is a viral peptide, 
for exan^le a peptide derived from Hepatitis C virus (HCV), Hepatitis B virus (HBV), 
Human immimodeficiency virus (HIV), Human papilloma virus (HPV), Human T-cell 
lymphotroptic virus Type I (HTLV-1), Cytomegalovirus (CMV), Herpes Simplex virus 
(HSV), Respiratory syncytial virus (RSV), Rhinovirus, West Nile virus (WNV), 
EUmtavirus, Ebola virus, or Encephalovirus. 

In another embodiment, a protein contemplated by the invention is a viral protein, 
for «caiiiple a protein derived ftom HCV, HBV, HIV, HPV, HTLV-l, CMV, HSV, RSV, 
Rhinovirus, WNV, Hantavirus, Ebola virus, or Enc^halovirus. 

In another embodiment, a predetennined RNA of Ihe invention is associated with 
Hepatitis C virus (HCV) infection. 

In another embodiment, the method of the instant invCTtion is carried out more than 

once. 

Brief Description, of the Drawings 

* • * 

Figure 1 shows a non-limiting exaiuple of a ^lialf-zinzyme^ nucleic acid sensor 
molecule that is modulated by Ihe S*-UTR of &e H^atitis C virus (HCV S'-UTR). The 
figure shows both inactive and active fomis of fhc zinzyme censor molecule ^SEQ ID 
NO. 43). In the presence of tiie target signaling oligonucleotide (SEQ ID NO. 26) which 
represents the stem loop TTIB of the HCV S'-UTR, the zinzyme sensor demonstrates an 
activity increase of three logs in cleaving the reporter molecule component of the sensor 
molecule as shown in the -graph (+ oligo target) as compared to the -sensor molecule in Ihe 
absence of the target In the presence of the full length 350 nl HCV S'-UTR« the 
zinzyme sensor molecule demonstrates an almost one log increase in activity in cleaving 
the reporter molecule component of the sensor molecule. 
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• m 

Figm-e 2 A-B shows a nbn-limitmg example of half-ziBzyme nucleic acid sensor 
molecule mediated detection of the HCV genome. Figure 2 A shows the structure of the 
5*-UTIl of the HCV genome. The sequrace shown is the sequence used as an 
oligonucleotide target for nucleic acid sensor molecule catalysis. The purine guanosine 

« 

5 R/G cleavage site is boxed. Figure 2B shows the results of a half-zinzyme activity assay 
in which the half-zinzyme was incubated either in the presence or .abs^ce of the 
oligonucleotide target, or in^the presence of RNase-H pre-treated HCV S'-UTK. Half- 
zmzyme activity is e3q>ressed relative to the level observed in the preseoce of model 
oligonucleotide. Reactions included a 1:1 molar ratio of target to hal&yme. 

10 Figure 3 A-B shows a non-limiting example of nucleic add s^isor molecule 

activation by the protein kinase ERK2. Figure 3A shows and assay where the £Rk2 
nucleic acid sensor molecule (black bars) was incubated eitha in the presence of 
BSA» or in the absence of any protein and assayed for activity. An enzymatic nucleic acid 
molecule that lacks the ERK2 sensor region was similarly incubated and assayed for 

« 

IS activity (grey bars). Activity is expressed as the rate of substrate RNA cleavage relative 
to the rate observed in the presence of ERK2. Figure SB shows a graph of £RK2 
concentration dependence in with the concentration of ERK2 was varied as indicated in 
allozyme reactions. Activity is expressed as the rate of substreate RNA cleavage relative 
to the maximal rate observed. 

20 Figure 4 A-B shows a non-limiting example- of nucldic acid sensor molecule 

specificity. Figure 4A shows tiiat the ERK2 nucleic acid sensor molecule is MAPK 
homolog specific. Equal amounts of the mitogen activated prolan kinases ERK2, JNK, 
or P38 were included in reactions containing the EKK2 nucleic acid sensor molecule. 
Activity is expressed as the rate of substrate RNA cleavage relative to die rate obs^ved in 

25 the presence of ERK2. Figure 4B shows the specificity of the ERK2 nucleic acid sensor 
molecule for -activated (phosphorylated) ERK2. An equal amount of unactivated ERK2 
(solid circles) or phosphorylated (activated) ERK2 (ppeia circles) was incubated with 
ERK2 nucldc add sensor and substrate cleavage was monitored over time. A reaction 
performed in parallel lacked protein (squares). 



I 
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Figure 5 shows a nQn-Iimitmg example of a nucleic acid sensor ligase molecule of 
the inVCTtion that responds to HCV RNA. 

Figure 6 shows a schematic view of the secondary structure of the HCV 5'UTR 
(Brown et al., 1992, Nucleic Acids Res., 20, 5041-45; Honda al, 1999, J. Virol, 73, 
5 11 65-74). Major stractural domains are indicated in bold. 

Figure 7 shows the design of a halfeyme used for SNP disCTiminatidn. The 
halfeyme, based on a zinzyme enzymatic nucleic acid moti^ (AZB7.1, SEQ ID NO: 50) 
was designed in a two-part nucleic add fomiat where one Of the parts comprises the 
reporter molecule covalently linked to a portion of Hie enzymatic nucleic add domain of 
10 the hal&yme and fee second part is provided by a sequence of HBV DNA ^IBV 1887, 
SEQ ID NO: 51). In the presence of the HBV DNA (HBV 1887), the halfeyme 

• m 

assembles into an active configuration to cause cleavage of the reporter molecule* in the 
absence of HBV DNA (HBV 1887), the halfeyme construct is not expected to form an 
active confomiation and therefore the reporter will not be cleaved. Six different variant 
1 5 sequences of HBV 1 887 were tested for cleavage in flie presence of the halfeyme (SNPT- 
2-7, SEQ ID NOS: 52-57). These variant sequences include, single nucleotide 
substitutions at two distinct positions within the cognate DNA sequence. In additioni, the 
corresponding RNA sequence of HBV 1887 (SEQ ID NO: 58) was tested for halfeyme 
cleavage. 

20 Figure 8 shows results from a halfeyme SNP discrimination study. In the i>resence 

of the HBV DNA sequence (HBV 1887; SEQ ID NO 51) and the correspondiiig RNA 
, version of ttds sequerice (SEQ ID NO: 58) the halfeyme attains active conformation 
resulting m flie cleavage of the reporter sequence. Introduction of single nucleotide 
variations within the cognate HBV DNA sequence <SEQ ID NOS: 52-57) results in 

25 inhibition of halfeyme activity. Similarly, the halfeyme construct used herein can be 
designed such that the reporter is not covalently linked to a nucleic acid companent of the 
halfeyme. Cleavage of flie reporter by the halfeyme can be detected using a variety of 
methods, such as using FRET (florescent resonance energy transfer). 
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Figure 9 A-D shows a non-limiting example of a nucleic acid sensor moleciile 
activated by a protein kinase. Figore 9A shows the design of nucleic acid -sensor 
molecules ERK-HH and KRK-HH/M 1. A pre-existing RNA ligand <sensor domain) 
specific for the unphosphorylated form of EIIK2 was fused to a hammerhead catal3^c 
S motif through an attenuated stem n stmcture to produce ERK-HEL Association with 
substrate KNA (reporter molecule) is prevented if sequences in the S' substrate binding 
ami instead pair with sequences in stem n of the h am mer h ead domain ^boxed). ERK- 
HH/Ml is identical to ERK-HH except that it contains three mutations in the ligand 
binding domain that prevent ERK2 association. Figure 9B shows a graph depicting 

10. substrate cleavage over time using a protein-induced nucleic acid sensor molecule. The 
time course for substrate KNA cleavage promoted by ERK-HH in the presence of 
unphosphorylated ERK2 is shown as filled circles; the time course for substrate RNA 
cleavage promoted by ERK-HH in the absence of any protem is shown as open circles. 
Also shown is a similar analysis of ERK-HH/Ml activity hi the presence or absence of 

15 unphosphorylated ERK2 (closed and open squares, respectively). The inset depicts a 
phosphoimage showing conversion of 5 --labeled substrate RNA (S) to product RNA (P) 
by ERK-HH in the presence (box) or absence (dashed box) of ERK2. Figure 9C shows 
the pH independence of ERK-HH activity. DiQ>licate reactions containing 500 nM ERK2 
were p^ormed and kobs calculated as described in Example 12. Reaction pHs were 6.5, 

20 (5.8, 7.0, 7.4, 7.7 and 8.1, and buffered with HEPES (pH < 7.0) or TlOS-HCl (pH >/= 
7.0). Error is expressed as standard deviation. Figure 9D shows a graph depicting 
substrate cleavage over time using a nucleic acid sensor molecule ERK-HH/M2. ERK- 
HH/M2 is.idmtical to ERK-HH except that it contains five mutations in the stem I 
sequence that do not siq>port stem I-stem n interaction. Assays were i>erformed as 

« 

25 described in Example 12 in the presence (filled circles) or absence (open circles) of 
ERK2, using ERK-HH/M2 in place of ERK-HH. The results of Figure 9D mdicate that 
protein-d^endent nucleic acid sensor activation requires an alternate conformer. The 
inset shows a chematic depicting nucleic acid sensor-reporter RNA interaction in stem I 
of ERK-HH/M2. Stem I sequences in the s^isor molecule and reporter RNA each carry 
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five mutations that maintam sensor molecule-reporter SNA interactioii, but do . not 
support stem I-stem n interaction. 

Figure 10 is a graph showing the ERK2 concentration dq>endence of ERK-HH 

■ 

activation. ERK2 was serial diluted so that the final concentration of ERK2 in reactions 
5 varied jBroin 500 nM to 70 pM. Activity (kobs) is expressed relative to the activity observed 
in the absence of ERK2. 

■ 

Fignre llA-B shows the specifiicity of nucleic acid sensor molecule activation. 

■ 

Figure 11 A shows MAPK sub&mily-specific nucleic acid sensor molecule activation. ^ 

• ■ • • • 

ERK-HH was activated either with 500 nM of rat ERK2, Bovine serum albumin (BSA), 
10 rat JNK2 (Sigma Chemical Corp., USA), human p3 8a (Sigma Chemical Corp., USA), or 

• • . ■ 

without any protein as indicated. Activity is esqpressed as a percentage of the observed 
activity rate in the presence of 500 nM £RK2. Figure IIB shows phosphorjdation sfate- 
^edfic nucleic acid sensor molecule activation. Figure IIB shows a graph depicting 
substrate cleavage over time using nucleic acid sensor molecule ERIC-HH in tiie presence 
15 of unphosphorylated ERK2 (filled circles), phosphorylated EKX2 (filled squares) or in 
the absence of any protein (open circles). The inset shows low bis-acrylannde PAGE 
analysis of pp£RK2 preparation. K562 cells (ATCQ were maintained at a density of 5 x 
10^ cells/ml in RFMI (Gibco/Life Technologies, U.SA.) siq)plemented with 10 % fetal 
bovine sorum (Gemini Bio-Products, Ihc, U.SA.) and 100 U of penicillin and ^ 

• • • 

20 streptomycin per ml. Cycling K562 cells (2 x 10^) were harvested in kinase extraction 

« 

buffer, pH 7.4 (KEB: 50 mM p-glycCTOphosphate, 1.5 mM EGTA, 20 fxg/ml aprotinin, 20 
lig/wl leiq>eptin, 2.5 )xg/ml pepstatin, 2 mM benzamidine, 1 mM DTT) and lysed with a 
glass Dounce homogeoizer using 20 strokes witii pestie A. Cell extracts were clarified by 
high speed centiifugation and protein concentrations were determined using the 
25 Coomassie Plus Protein Assay Reagent (Pierce, Rockford, IL). Unphosphorylated ERK2 
is indicated by an asterisk (*)/ 

Figure 12A-B shows the detection of ERK2 in mamTnalian cell lysates. Figure 
12A shows an SDS-PAGE of a K562 cell lysate at a final concentration of 0.5 mg/ml 



wo 03/089650 PCTAJS02/35529 

22 

total protein. Cell lysates were supplemented wifli exogenous ERK2 at the indicated 
concentrations (0, S00mn» 40Qnm, SOQnm, 20Qnm, lOOnin, and SOnm). The ERK2 
protexn is, shown as indicated by the triangle. Protein was visualized by Coomassie 
staining. Molecular weigihts of size standards in Kd are indicated (lane 1). Figure 12B 
5 shows nucleic acid sensor molecule activity. ERK-HH was incubated in 20 % K562 cell 
lysate (O.S mg/ml protein final) with a nuclease-stabilized substrate RNA under otherwise 
standard reaction conditions. Cell lysates were supplemented with exogenous ERK2 at 
the indicated concentrations (0, SOOnm, 40Qnm, 300nm, 20Qmn, lOQmn, and SOmn). 

• • * 

Observed activity rate is expressed relative to the observed activity rate in the presence of 
10 500 nMBEU^ in the absence of lysate. 

Figure 13A-B shows a solution.phase assay using nucleic acid sensor molecules of 
the invention. Figure 13 A shows an assay schematic. Activation of ERK-HH by ERK2 
promotes cleavage of a substrate KNA (reporter molecule) carrying a quenched 
fluorescein; the result is relief of quenching of fiuorescdn emission at S 17 run. A second, 

15 constitutive enzymatic nucleic acid molecule promotes cleavage of a substrate RNA 
(reporter molecule) carrying a quenched cyanine 3 (Cy3); the result is the relief of 
quenching of Cy3 emission at 568 imi. Normalized signal is derived from the ratio of 
fluorescein endssion to Cy3 emission. Figm-e 13B is a graph showing the results of a 
duplexed, solution-phase assay. Assays contained the indicated amounts of ERK2 and 

20 fluorophore-cairying nuclease stabilized substrate RNAs for ERK-HH and the 
constitutive enzymatic nucleic acid molecule. Emission at 517 run (circles) and 568 nm 
(squares) was measured in the linear phase of tbe reaction (5.5 hours) using a Hitachi 
F4500 Fluorescence Spectrophotometer. Second ordinate (right) represents the 
normalized ERK-HH activation ratio as the ratio of . fluorescdn to Cy3 signals 

25 (diamonds). 

« * 

Figure 14A-B shows a nucleic acid sensor molecule responsive to phosphorylated 
ERiw2. Figure 14A shows a schematic of nucleic acid sensor molecule ppERK-HH, in 
which a higji aflBnity RNA ligand specific for the phosphorylated form of ERK2 was 
fused to the hammerhead catalytic motif using the same design elements as in Figure 9A. 
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Figure 14B shows the specificity of ppERK-HH activation as indicated by the relative 
observed activity rate of pp£RK-HH in the presence of 500 nM phosphdrylated ERK2 
(ppERK2X SOO nM unphosphoiylated EKK2, or in the absence of any protein. Activity 
rate is expressed relative to kobs in the presence of ppERK2. 

5 Figure 15 shows a noii-limiting example of a generalized multicomponent nucleic 

. • • • 

acid sensor molecule construct Multicomponent sensors or *lialj&^ymes'* are derived fix>m 
constitutively active enzymatic nucleic acid nlolecule»s (left), by removing a portion of fhe 
enzymatic nucleic acid's sequence (center). A target nucleic acid completes the enzymatic 

* * • 

nucleic acid (right). The example shown is non-limiting in that additional components 
10 (eg. 2» 3» 4, 5 etc.) can be used to modulate the activity of the sensor construct, providing 
additional stringency requirements or combinations of effector molecules that can be 
detected by one sensor. 

Figure 16 show a non limiting example of a Halfeyme Catalytic Tlatform' 
comprising a Class I ribozyme Ugase (SEQ ID NO: 64), HCV eSector nucleic add (SEQ 
15 ID NO: 65), substrate 1 (SEQ ID NO: 66) and substrate 2 <SEQ ID NO: 67). Catalytic 
activity of the multicomponCTt sensoi (directs tiiie attack of the 2* OH of substrate 2 on the 
alpha-phosphate at the 5' end of substrate 2. 

Figure 17 shows a non limiting example of a HCV target signaling agent lhat can 
be used to modulate the activity of a sensor molecule of fb& inventiozi. Stem-loop TTTO bf 
20 the S'-UiR is hi^y conserved. Sequence of the HCV target (or effector) is the inost 

prorainently conserved sequence in all HCV isolates. 

■ • * * 

Figure 18 shows a non limiting example of Directed Molecular Evolution QDME). 

A DNA sequence library is flanked by defined sequence for PCR- Sequence variants that 

» 

are inactive (circles) are separated from functional sequences (stars) arid amplified. This 
25 process is then iterated. 

Figure 19 shows a non-limiting example of a limit of Detection (LOD) by a single 
turnover HCV-Halfeyme sensor. The 5*-UTR is cleaved by RNase H at sequCTces 
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• * • 

flankmg tiie HCV effector wh&a base paired to DNA oKgoxoicleotides. The L.O.D. is 
shown for the 5*- UTR processed by KNase H (squares) and a sjoithetic 

• » 

oligoribonucleotide (circles). . . 

* • * 

Figure 20 shows a non-lixniting example of the DME procedure used to produce 
5 HCV-Halfeyme nucleic add sensor molecules. The initial sequence library is produced 
firom mixed-sequence overlapping oligonucleotides. Selection is carried out by 
fiactionating molecules that autoligate to substrate 2 in the presCTica of the HCV -effector 
based on their electrophoretic mobility. The figure inset shows the region of the HCV- 
Halfzyfne effector sequence 'doped* to 30%. 

10 Figure 21 shows the sequence of clone 8/7 HCV-Halfeyme sensor, (see Table n for 

rate detmninations for different clones). 

Figure 22 shows kinetic characterization of a siogle turnover clone 8/7 HCV- 
Halfeyme sensor molecule. Activity plateaus as a function of pH but not Mg2+ 
concentration. 

IS Figure 23 ^ows an analysis of KNA-RNA interactions. A shift in electrophoretic 

* mobility of a labeled RNA (in this example HCV effector) by increasing conceatrations 
of an unlabeled RNA (in this example HCV-multicomponent sensor) can be quantified 
and used to detennine afGnity. 

Figure 24 shows an example of HCV-Hal&yme sensor sequence libraries used in 
20 DME-2. Three independenfly produced libraries based on the clone 8/7 HCV-Halfeyme 

■ 

sensor contained completely random sequence. 

m • • 

. Figure 25 shows kinetic characterization of a HCV-Hal&yme sensor library 
developed through DME-2. HCV-multicomponent sensor library fix>m DME-2 <squares) 
and original 8/7 HCV -multicomponent sensor (circles) were characterized for the ligation 
25 events shown above: antoligation (left) and ligation of the trinucleotide GGA to substrate 
2 (right). Sub-stoichiometric amounts of substrate 2 were used to monitor a single cycle 
of catalysis on the right. 
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Figure 26 shows a noSL-limitmg example jof Optimized HCV-Halfeymes from 
DME-2. Qone 38 and clone 21 HCV-Halfeymes, obtained from DME-2 have similar 
sequence inserted into the same position in addition to 'die sequence changes found in 8/7 
HCV-Halfz^e finom DMB-1. 

- 

* 

* • 

5 Figure 27 shows an example of Multiple Turnover Configuration 3. The HCV- 

Hal&yme directs the Ugation of the same substrate 2 used in autohgation (single 
turnover) reactions. Substrate 1 shown is a 23 nucleotide KNA. 

Figure 28 shows non limiting example of &e optimization of conditions, for HCV- 
Hal&yme L.OJ>. detemiinations. Clone 21 HCV-Halfeyme signal (fraction Ugated, A,C) 
10 and turnover rate (B,D) were assessed as a function of . pH and substrate RNA 
concentration (A3)» ^d as a function of substrate KKA concentration and Mg2+ 
concentration (CJ)). 

Figure 29 shows the pH dependence of catalyzed and uncatalyzed substrate KNA 

Hgation. Clone 21 HCV-Halfeyme turnover rate in the presence (upper) and absence 

' . • 

15 (lower) of HCV effector. 

Figure 30 shows flie 2SD Limit of Detection of Configuration 3 constructs. HCV 
effector oligoribonucleotide was sraially diluted so that HCV-Halfeyme reactions 
contained the indicated number of molecules. The hoiizontal bar represents background 
. plus two standard deviations. 

20 Figure 31 shows an example of Multiple Turnover Configuration 1. The HCV- 

Halfeyme is truncated by 4 nucleotides relative to the single turnover version of the HCV- 
Halfeyme. Optimal substrate 2 (substrate 2-4a) forms 3 base pairs with the HCV- 
Halfeyme. Substrate 1 is a triphosphorylated trinucleotide. 

Figure 32 shows sequences of HCV halfeyme sequences dervied fipom dir^ted 
25 ' molecular evolution (DME) studies. 

« • 

Detailed Description of the Invention 
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The present invCTtion features compounds, compositions, metliods, and kits for &e 
detection of specific nucleic acid based target signaling agents indicative of disease 
causing agents or markers or disease. The target signaling Agents comprise nucleic adds, 
polynucleotides, and/or oligonucleotides.. The target signaling agents further comprise 
5 effector molecules that modulate flie activity of multicomponerit nucleic acid sensor 
molecules by providing a component to the sensor construct that ^can modulate the 
activity of the sensor molecule. 

In one embodiment, the invention features, a- multicomponent nucleic acid sensor 
molecule comprising one or more enzymatic nucleic acid components, wherein, in 
10 response to an interaction of one or more effector components with an enzymatic nucleic 
acid sensor component in a systCTi, the multicorrq>onent nucleic acid sensor molecule 
catalyzes a chemical reaction involving ligation. In another embodiment, the Ugation 
reaction involves covalent attachment of one reporter molecule (a jSrst substrate) to 

• * • ■ 

another reports molecule (a second substrate). In another embodiment, the ligation 
IS reaction results in the formation of a phosphodiester bond. In another embodiment, a first 
or second substrate comprises a terminal phosphate group. In yet another embodiment, 
the reporter molecule of the invention comprises one or more polynucleotides. 

In another embodiment, the invention features a multicomponent nucleic acid 
sensor molecule comprising, one or more enzymatic nucleic acid components, wherein, in 
20 response to an interaction of one or more effector components with an enzymatic nucleic 
acid sensor component in a system, the multicomponent nucleic acid sensor molecule 
catalyzes a chemical reaction involving cleavage. In another embodimCTt, the cleavage 
reaction involves phosphodiester cleavage. In yet another CTibodiment, the reporter 
molecule of the invention comprises one or more polynucleotides. 

25 . la one embodiment^ llie invention features a micleic acid sensor molecule 
comprising an enzymatic nucleic acid cornponent and a separate efEector component, 
wherein the ^ozymatic nucleic acid is assembled from two or more separate nucleic 
acid niolecules, wherein the separate effector component is one of the two ore more 
separate nucleic acid molecules that make up the enzymatic nucleic acid ccm^onent 
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of the nucleic add sensor molecule, such the in the presence of the separate effector 
compeont, the enzymatic nucleci acid coiiq)onent assembles in a form necessary to 
enable the nucleic acid sensor molecule to catalyze a chemical reaction involving one 
or more reporter molecules, and wherein the effector and the reporter molecules are 

* 

5 separate molecules. 

In one embodiment, the chemcial reaction catalyzed by a nucleic acid sensor 
* molecule of the invention is a Hgation reaction, hi another embodiment, the tigaticm 
reaction involves covalent attachment of a first reporter molecule to a second reporter . 
molecule. In another embodiment, the ligation reaction results in the fomiation of a 
10 phosphodiester bond. In yet another enibodiment, tiie fixst or second reporter 

molecule independently comprises a terminal phosphate group. . . 

* 

in one embodiment, the chemcial reaction catalyzed by a nucleic acid s^isor 
molecule of the invention is a phosphodiester cleavage reaction. 

In another, embodiment, a reporter molecule of the invention . conq)rises one or 
IS more polynucleotides. . 

In one embodiment, the enzymatic nucleic acid component of a nucleic acid 
sensor molecule of thi& invention is assenibled from two separate nucleic acid 
molecules, hi another embodiment, the enzymatic nucleic add coniponent of a 
nucleic acid sensor molecule of the invention is assembled from three separate nucleic 
20 acid molecules. 

in one embodiment, the invention features a method, comprising: (a) contacting one 
or more en2:ymatic nucleic acid components of a multicomponent nucleic acid sensor 
molecule with a system under conditions suitable for one or more effector components 
that may be present in the system to interact with a enzymatic nucleic acid component of 
25 the multicomponent nucleic acid sensor molecule and to catalyze a chemical reaction 
involving the hgation of at least a portion of a fast reporter molecule to at least a portion 
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of a second rq>orter molecule; and (b) assaying for the ligation of at least a portion of a 
first reporter molecule to at least a portion of a second reporter molecule. 

Jn one embodiment, the invention features a method, comprising: (a) contacting a 
nucleic acid sensor molecule of the invention with a system under conditions suitable for 
5 the nucleic acid s^isor molecule and to catalyze a chemical reaction on a reporter 
molecule; and (b) assaying for the chemical reaction on the reporter molecule 

In another embodiment, the invention features, a method, comprising: (a) contacting 
one or more enzyrriatic nucleic acid components of a multicomponent nucleic acid sensor 
molecule with a system under conditions suitable for one or more efifector conoponents 
10 that may be present in the system to interact with a enzymatic nucleic acid component of 
the multicomponent nucleic acid sensor molecule and to catalyze a chCToical reaction 
involving phosphodiester cleavage of a reporter molecule; and (b) assaying for the 
cleavage reaction. 

In one embodiment, a method of the invention fiirther features treating the system 
15 under conditions for an effector component of a multicomponent nucleic acid sensor 
molecule is available to. mteract with an enzymatic nucleic acid conq)onent of a 
multicomponent nucleic acid sensor molecule of flie invention. Such treatment can 
comprise the use of reagents that cleave RNA or DNA at predetermined sites or 
. alternately cleave KNA or DNA randomly. 

20 In oixe embodiment, the detection of a ligation reaction catalyzed by a nucleic acid 

sensor molecule of the instant invention is indicative of the presence of the effector 
component or target nucleic acid molecule in a system.- 

In another embodiment, the absence of a ligation reaction catalyzed by a nucleic 
acid sensor molecule of the instant invention is indicative of a system lacking the effector 
25 component or target nucleic acid molecule. 



a 
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In one embodiment, the detection of a cleavage reaction catalyzed by a nucleic acid 
sensor molecule of the instant invention is indicative of the presence of Il» dSector 
component or target nucleic acid molecule in a system* 

In another epibodiment, the absence of a cleavage reaction catalyzed by a nucleic 
5 acid sensor molecule of the instant invention is indicative of a system lacking the effector 
component or taiget nucleic acid molecule. 

* - 

In one embodiment, the system of the instant invention is an in vitro^ystem. Tho in 
vitro s^em can be^ for example, a saiople derived firom an organism, mammal, subject, 
plant, water, beverage, food preparation, or soil or any combination thereof In anoHier 
10 . embodiment, the system of the instant invention is an in vivo system. The in vivo system 

« ■ « 

can be, for example, a bacteria, bacterial cell, fungus, fungal cell, virus, plant, plant cell, 
mammal, mammalian cell, himaan or human cell. In another embodiment, the system can 
be a test sample, for example, a blood sample, serum sample^ saliva sample, urine 
sample, or other tissue sample, cell extract, cell, tissue extract, or entire organism. 

IS. Ja one embodiment, the effector con^onent of a multicomponent nucleic acid . 

sensor molecule of the instant invention is an RNA, DNA, analog of RNA or analog of 
PNA. In one embodiment, the effector component of a multicomponent nuck^c acid 

* 

s^or molecule of the instant invention is an KNA or DNA derived from a bacteria, 
virus, fungi, plant or mammalian genome. M yet another embodiment, the ' effector 
20 component of a multicomponent nucleic acid sensor molecule of the instant invention is a 
coniponent of a system, sample, or subject 

In one embodiment, a reporter molecule of the instant invention is KNA, DNA, 
KNA analog, or DNA analog. . 

la one embodiment, the reporter molecule of the instant invention comprises a 
25 detectable label selected from the group consisting of chromogenic substrate, fluorescent 
labels, chemiluminescent labels, and radioactive labels and enzymes. Suitable enzymes 
include, for example, lucifa^e, horseradish peroxidase, and alkaline phosphatase. 
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In another embodiment, the reporter molecule of the instant invention is 
immobilized on a solid support Suitable solid supports include' silicon-based cbq>s, 
silicon-based beads, controlled pore glass, polystyrene, cross-liiiked polystyrene,, 
mtrdcellulose, biotin, plastics, metals and polyethylene films. 

In one embodiment an enzymatic nucleic acid component of the nucleic acid s^isor 
molecule is RNA, DNA, analog of RNA or analog of DNA. 

* ■ 

In another embodimCTt, a reporter molecule of the invention is covaloitly attached 
by a linker to one or more components of a niulticomponent nucleic acid sensor molecule 
of the invention. Suitable linkers include one or more nucleotides, abasic moieties, 
polyetheris, polyamines, polyamides, peptides, carbohydrates, lipids, and polyhydrocarbon 
compounds, and any combination thereof. 

In another embodiment, a reporter molecule of the invention is not covalently 
attached a component of a nucleic acid sensor molecule. 

In another embodiment, the invention features a kit comprising a nucleic acid 
SGBSor molecule of the invention. The kit of .tiie invention can furtha include any 
additional reagents, reporter molecules, buffers, excipients, containers and/or devices as 
required described herein or known in the art, to practice a method of the invention. 

In another embodiment, the invention features an array of one or more enzymatic 
nucleic acid components of a multiconq>onent nucleic add sensor molecule of the 
invention comprising a predetermined number of enzymatic nucleic acid components. In 
one embodiment, an. enzymatic nucleic acid component of the instant invention is 
attached to a solid surface. The svuface can comprise silicon-based chips, silicon-based 
beads, controlled pore glass, polystyrene, cross-linked polystyrene, nitrocellulose, biotin, 
plastics, rnetals and polyethylrae fihns. 

In one embodiment, an efTector component, of a multicomponent nucleic acid 
sensor molecule of the invention comprises a sequence derived fix>m Hepatitis C virus 
(HCV), Hepatitis B virus (HBV), human immunod^ciency virus ^EDV), htmian 
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papiUozoa virus (HPV), poliovirus. West Nile virus (WNV), cytom^alovirus (CMV), 

Herpes Simplex Virus (HSV), respiratoiy syncytial virus (RSV), influenza virus, 

• • ■ ' • . 

ifainovirus, foot and mouth disease virus, Ebola virus, dengue fever virus, feline leukCTiia 
virus (FUST), CTcephalovirus. 

5 In one embodiment, an effector componmt of a multicomponent nucleic acid 

sensor molecule of the invention comprises a sequ^ce d^ved firom a disease causing 

* . 

gene, splice variant, or firom a small nucleotide polymorphism (SNP). Such sequences 
can be iudicative of cancer, metabolic disorders, and other diseases or conditions having a 
genetic basis. 

10 In one embodiment, an efiEector component of a multicon^onent nucleic acid 

sensor molecule of the invention comprises a sequence derived from the Hepatitis C virus 
(HC\0 5'-mi^ for example stnictural doxnains ffla-n^ 

In one embodiment, an effector component of a multicomponent nucleic acid 
sensor molecule of the invention comprises a sequence d^ved from a bacterium, such as 
15 Corynebacteria, Pneumococci, Streptococci, Staphylococci, enteric bacilli, mycobacteria, 
spirochetes, chlamydiae. In another embodiment, an effectdr component of a 
multicomponent nucleic acid sensor molecule of tiie invoition conqirises. a sequence 
derived firom bacterial ribdsomal RNA. 

» 

In another embodiment, the invention features an expression vector comprising a 
20 . nucl^c add sequence encoding at least one component of a multiconq)onent nucleic acid 
sensor molecule of the invention in a manner which allows expression of the component. 

Li yet another embodiment, the invention features a mammalian cell, for example a 

■ 

human cell, including an expression vector of the iaventioiL 

In one embodiment, the invention features a multicomponent nucleic acid sensor 
25 molecule that is used to assay the presence of a nucleic, acid, polynucleotide, or 
oligonucleotide in a system or sample, such as a biological system or sample, which is 
indicative of a disease or condition in a subject, or which is indicative of a disease 
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causing agent in the biological syston or sample. Non-limiting examples of disease 
causing agents contemplated by fhe invention include viral disease causing agents (such 
as Hispatitis C virus (HCV), Hepatitis B virus (HBV)^ human immunodeficiency virus 
(HIV), human papilloma virus (HPV), poliovirus. West Nile virus (WNV), 
5 cytomegalovirus (CMV), H«[pes Simplex Virus (HSV), respiratory syncytial virus 
(JRSV), influenza Virus, rhinoviriis, foot and mouth disease virus, Ebola virus, dengue • 
• fever virus, feline leukemia virus (FLV), encephalovinis and others) and bacterial disease 
causing agents (such as Corynebacteria, Pneumococci, Streptococci, Staphylococci, 
enteric bacilU, mycobacteria, spirochetes, chlamydiae, and others). 

10 The nucleic acids, polynucleotides, and oligonucleotides to be detected are 

generally referred to herein as effector components of the multicomponent nucleic acid 
sensor molecule. An enzymatic nucleic acid component of a multicomponent nucleic 
acid sensor molecule of the invention can interact with nucleic, acid, polynucleotide, 
and/or oligonucleotide effedtor component to perform a ligase reaction, for example 

15 between two nucleic acid substrate molecules. Alternately, an enzymatic nucleic acid 
component of a multicomponent nucleic acid sensor molecule of the invention can 
interact with nucleic acid, polynucleotide, and/or oligonucleotide effector component to 
perform a cleavage reaction, for example a phosphodiester cleavage reaction in a reporter 
molecule. Additionally, the. nucleic acid sensor molecules of the invention can detect 

20 . nucleic acids, polynucleotides^ and/or oligonucleotides in biological fluids (eg. blood, 
urine, saliva) or in fixed, treated tissue as an indication of the presence of disease or 
infection, and provide sensitive reagents for diagnosis of diseases and infections or in 
determining the presence of infection disease agmts. 

.* . ' 

In one embodiment, the invention features a multicomponent nucleic acid sensor 
25 molecule having specificity for a specific compound comprising a nucleic acid, 
polynucleotide, and/or oligonucleotide. Such specificity is inherent in the design of the 
multicomponent nucleic acid sensor molecule in that the effector component of the 
multicomponent nucleic acid sensor molecule is derived fix>m the target to be detected. 
Such specific compounds can be associated with a specific disease having a g^etic or 
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infectious basis, for example a disease resulting from a genetic splice variant, or a nucleic 
acid, polynucleotide, or oligonucleotide specific to a particular genotype as in the case of 
hereditaiy diseases and conditions.. In another embodimCTt, the invention features a 
mu]ticonq>onent nucleic acid sensor molecule having specificity for a conserved class of 
5 nucleic add sequences associated with a particular infectious agent or disease marker. 
Such classes of compounds can be associated with disease in a variety of species or can 
comprise classes of nucleic acid molecules encoding proteins having differing amino acid 
sequences and/or compositions. 

The invCTtion further includes detection methods using the multicomponent nucleic 
10 acid sensor molecules of the inv^tion. In one raibodiment, the invention provides 
methods for the detection of nucleic acids, polynucleotides, and oligonucleotides as 
markers for infectious disease causing agents and .diseases or conditions having a genetic 
basis. 

In one embodiment, the invention comprises methods useful in diagnostic and 
15 pathogenesis studies of infectious disease causing agents in biological samples and/or 
subjects, useful for detection, surveillance, treatment and control of infectious disease 
causing agents. 

In one embodimrat, a component of a midticomponCTt nucleic acid molecule of the 

I 

invration is a linear nucleic acid molecule. In another embodimCTit, a component of a 
20 . multicomponent nucleic acid molecule of the invention is a linear nucleic acid molecule, 
that can optionally form a hairpin, loop, stem-loop, or other secondaiy structure. In yet 
another embodiment, a componCTt of a multicomponent nucleic adld molecule of the 
invention is a circular nucleic acid molecule. 

In another embodiment, the ejSector componrat of a multicoiuponent nucleic acid 
25 sensor molecule of the invention is a single stranded oligonucleotide. In another 
embodiment, the effector component of a multicomponent nucleic acid sensor molecule 
of the invention is a double-stranded oligonucleotide. 
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In one embodim^t, a component of a multiconGcponent nucleic acid sensor 
molecule of the inventibn comprises an oligonucleotide having between about 20 and 
about 500 nucleotides. In anolher embodiment, a component of- a multicomponent 
nucleic acid sensor molecule of the invention comprises an ■ oligonucleotide having 
S between about 40 and about 250 nucleotides. In another embodiment^ a component of a 
multicomponent ^ nucleic acid sensor molecule of the invention comprises an 
oligonucleotide having betweqa about 50 and about 150 nucleotides. 

In one embodiiiient, an enzymatic nucleiq acid component of a multicomponent 
nucleic acid sensor molecule of the invention comprises an oligonucleotide having 

10 between 20 and 500 nucleotides. In another embodiment, an enzymatic nucleic acid 
component of a multicomponent nucleic acid SCTSor molecule of the invention comprises 
an oligonucleotide having between about 40 and about 250 nucleotides. In another 
embodiment, an enzymatic nucleic acid component of a multicomponent nucleic acid 
sensor molecule of the invention comprises an oligonucleotide having between about 50 

15 and about 150 nucleotides. 

In one embodiment, an effector component of a multicomponent nucleic acid 
sensor molecule of the invention comprises an oligonucleotide having length sufficient to 
interact with the enzymatic nucleic acid component resulting in modulation of the 
multicomponent nucleic acid serisor activity. In another embodiment, an effector 

20 component of a multicomponent nucleic acid sensor molecule of the invention comprises 
an oligonucleotide haying between about 7 and about 250 nucleotides. In another 
embodiment, an effector component of a multicomponent nucleic acid sensor molecule of 
the invention comprises an oligonucleotide . having between about 8 and about 150 
nucleotides. In anotho: embodiment, an effector component of a multicomponent nucleic 

25 acid sensor molecule of the invention comprises an oligonucleotide comprising a fuU 
length RNA or DNA, such as a full length RNA transcript, tRNA or fragment thereof; or 

* 

a full length DNA or fragment thereof. 

Iq one embodiment, a reporter molecule of the invCTtion comprises a nucleic acid 
molecule having one or more nucleotides. In anotiber embodiment, a r^orter molecule of 



I 
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the invention of the invention comprises an oligonucleotide having between about 3 and 
about 250 nucleotides. In ^olh^ embodiment, an effector component of a 
multicomponent nucleic acid sensor molecule of Ihe invention comprises an 
oligonucleotide having between about 4 and about ISO nucleotides. 

5 In one embodiment, an enzymatic nucleic acid component of a multicomponent 

nucleic acid scasat molecule of the inyeDtion comprises an oligonucleotide having any of 
SEQ ID NOS: 64, 68, 69, 70, 71, 72, 73, 74, or 75. 

In another embodim.CTt, an effector component of a multicomponent nucleic acid 

» 

sensor molecule of the invention comprises an oligonucleotide having SEQ ID NO: 65. 

10 In yet another embodiment, a reports molecule of the invention comprises an 

oligonucleotide having of SEQ ID NOS: 66, 67, or 76-81. 

In one embodiment, the detection and/or quantification of target nucleic acids, 
polynucleotides, and/or oligonucleotides in a method of tiie invention is accomplished 
using a variety of methods, including detecting an increase or decrease in fluoresc^oce, an 
IS increase or decrease in enzymatic activity, an increase or decrease in the production of a 
precipitate, an inorease or decrease in chemoluminescence, an increase or decrease in 
chemiluminescmce, or likewise a change in UV absorbance, phosphorescence, pH, 
optical rotation, isomerization, polymerization, te mp erature, mass, capacitance, 
resistance, emission of radiation, or colorimetric change. 

20 In one mibodiment, detection and/or quantitation of the presence of target nucleic 

acids, polynucleotides, and/or oligonucleotides in the above inventive methods can be 
accomplished using one or more reporter molecules. The reporter molecules can be 

* 

* ■ • 

attached to the enzymatic nucleic acid component or can be firee in the sample. In one 
embodiment, a reporter molecule of tiie instant invention comprises one or more, nucleic 
25 acid substrate molecules having a detectable label selected from the grotq) consisting of 
chromogenic substrate, fluorescent labels, chemilmninescent labds, and radioactive 
labels and enzymes. Suitable enzymes include, for example, luciferase, horseradish 
peroxidase, and alkaline phosphatase. 
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In another embodiment, the reports; molecule of the i-nj^^t invention is 
immobilized on a solid support Suitable solid supports include silicon-based chips, 
silicon-based beads, controlled pore glass, polystyrene, cross-linked polystyrene, 
nitrocellulose, biotin, plastics, metals and polyethylene films. 

* • • 

S The present invention features compositions and methods for the detection and/or 

« 

amplification of specific target signaling agents and target signaling molecules in a 
* system using nucleic acid sensor molecules. In one embodiment, the present invention 
features a nucleic acid sensor molecule comprising an enzymatic nucleic acid component 
and one or inore sensor components wherein, in response to an interaction with a target 
10 signaling agent, the enzymatic nucleic acid component catalyzes a.chCToical reaction in 
which tiie activity or physical properties of a reporter molecule is modulated. Preferably, 
the cheoiical reaction in which the activity or physical properties of a reporter mole^cule is 
modulated results in a detectable respoiise. 

In one embodim^t, the present invention features a nucleic acid sensor molecule 
IS comprising an enzymatic nucleic acid component and one or more sensor components 
wherein, in response to an interaction of a target signaling agent with the nucleic acid 
sensor molecule, the enzymatic nucleic acid component catalyses a chemical reaction 
involving covalent attachment of at least a portion of a reporter molecule. 

The ch^nical reaction in which a reporter molecule is. covalently attached to the 
20 nucleic acid sensor molecule can be, for example, a ligation, transesterification, 
phosphoiylation, caibon-carbon bond formation, amide bond formation, peptide bond 
formation, and disulfide bond formation.. • 

In another embodiment, the presCTit invention features a nucleic acid sensor 
molecule comprising an enzymatic nucleic acid component and one or more s^isor 
25 components wherein, in response to an interaction of a target signaling molecule with the 
nucl^c acid sensor molecule, the enzymatic nucleic acid component carries out a 
chemical reaction that modulates the activity or properties of the reporter molecule.. The 
chemical reaction in which the activity of a reporter molecule is modulated can be, for 
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example, a phosphoiylation, dephosphoiylatioii, isometizatidn, polymeriz^atioB, 
amplificatioxi^ helicase activity, traiisesterification, ligation, hydration, hydrolysis, 
alkylation, dealkylation, halogenation, ^ dehalogehation, eisterification, destetification, 
hydiogenation, dehydrogenation, . saponification, desaponification, animation, 
S deamination, acylation, deacylation, glycosylatipn, deglycosylation, silation, desilation, 
hydroboration, epoxidation, peroxidation, caxbox3dation, decarboxylation, substitution, 

elimination, oxidation, and reduction reaction, or any combination of these reactions. 

* ■ • . 

In one embodiment, the iiivention features a nucleic acid sensor molecule. 

comprising an enzymatic nucleic acid component and one or more sensor con[q>onents 

10 wherein, in response to an interaction of a target signaling molecule with the nucleic acid 

sensor molecule, the enzymatic nucleic acid component can carry out a chemical reaction 

involving isomerization of at least a portion of a reporter molecule. 

In another embodiment, the mvention features a nucleic acid sensor molecule 
comprising an enzymatic nucleic acid component and one or more sensor components 
IS wherein, in response to an interaction of a target signaling molecule with tiie nucleic acid 
sensor molecule, the enzymatic component catalyses a chemical reaction on a non- 
oligonucleotide-based portion of a reporter molecule selected Scorn the group ^consisting 
of phosphorylation and dephosphorylation reactions. 

« 

Nucleic acid sensor molecules, including halfzymes of the invention can have a 

■ 

20 detection signal, such as from a reporter molecule. Examples of reporter molecules 
include nucleic acid molecules comprising various tags, probes, beacons, fluorophores, 
chemophores, ionophores, radio-isotopes, ' photophbres, jpeptides, proteins, enzymes, 
antibodies, nucleic acids, and enzymatic nucleic acids or a combination thereof The 
reporter molecule may optiraally be covalently linked to a portion of the nucleic acid 

25 sensor molecule. 

In another embodiment, the reporter molecule of the instant invention ^can be a 
molecular beacon, small molecule, fluorpphore, chemophore, ionophore, radio-isotope, 
photophore, peptide, protein, enzyme, antibodie, nucleic acid, and enzymatic nucleic acid 
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or a combination thereof (see, for example, Singh et al, 2000, Biotech., 29, 344; Lizardi 
et al, US Patent Nos. 5,652,107 and 5,118,801). 

Using such reports molecules and others known in the art, llie detectable response 
of the instant invention can be monitored by, for example, a change in fluorescence, color 
5 change, UV absoibance, phosphorescence, pH, optical rotation^ isomeiization, 
polymerization, temperature, mass, capacitance^ resistance, and emission of radiatioiL 

Detection of the target ^gnaling event via the cherciical reaction or the change in 
activity or physical properties of flie reporter molecule can be assayed by methods known 
in the art Amplification of the target signaling event via the chemical reaction or the 
1 0 change in activity or physical properties of the reporter molecule can be au^complished by 
methods known in the art, for exaniple, modulating polym^ase activity. Modulation of 
polymerase activity can increase polymerization in a chemical reaction, for example, a 
polymerase chain reaction (PGR) system, resulting in amplification of a target signaling 
molecule or reporter molecule. 

15 Jn any of the above^escribed inventive methods, the system can be an in vitro 

m * 

system. The in vitro system can be, for sample, a sample derived fit>m an organism, 
mammal, subject, plant, water, beverage, food preparation, or soil, or any combination 
thereof. In any of the above-described inventive methods, the enzymatic nucleic acid 
component of said nucleic acid s^osor molecule can be a hammerhead, hairpin, inozyme, 
20 G-cleaver, Zinzyme, RNase P EGS nucleic acid. Class I ligase and Ambeczyme motif. 
Also, in any of the above-described inventive methods, the enzymatic nucleic acid 
coniponCTt of said nucleic acid sensor molecule can be a DNAzyme. 

In any of the above-described methods, the detection of a ch^nical reaction is 
indicative of the presence of the target signaling molecule in the systCTfi. In any of the 
25 above-described methods, the absence of a chCTiical reaction is indicative of the system 
lacking the target signjaling molecule. 

In one embodiment, the reporter molecule of the instant invention is selected :&om 
the group consisting of molecular beacons, 'small molecules, fluorophores, chemophores. 
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ionophores, radio-isotopes, photophores, peptides, proteins, enzymes^ antibodies, nucleic 
acids, and enzyinatic nucleic acids or a ccnnbination hereof (see for -exanqple in S ingh et 
al., 2000, Biotech., 29, 344; Lizairdi cf aL, US PataitNps. 5,652,107 and 5,118,801). 

* 

Using such reporter naolecules and others known in the art, the detectable response 

ft 

S of the instant invention can be monitored by, for example, a change in fluorescence, color 
change, UV absorbance, phosphorescence, pH, optical rotation, isomerization, 
polymerization, temperature, mass, capacitance, resistance, and emission of radiation. 

Detection of the target signaling event via the chemical reaction or the change in 

" • • • 

activity or physical properties of the reporter molecule can be assayed by methods known 

ft 

10 in the art Amplification of the target signaling event via the chemical reaction or. the 
change in activity or physical properties of the reporter molecule is accomplished by 
methods known in th0 art, for example, modulating polymwase activity. Modulation of 

« 

polymerase activity can increase polymerization in a chemical reaction, for example, a 

ft 

polymerase chain reaction (PGR) system, resulting in amplification of a target signaling 
15 molecule or reporter molecule. 

In any bf the above-described inventive methods, the system can be an in vitro 
system. The in vitro systetn can be a sample derived firom , for example, an organism, 
mammal, subject, plant, water, beverage, food preparation, or soil, of any combination 
thereof. 

20 In any of the above described methods, the target signaling molecule can be an 

RNA, DNA, analog of KNA or analog of DNA. Thus, for example, the reporter molecule 
can be an RNA, DNA, RNA analog, or DNA analog. Also, in any of the described 

■ 

m * * 

methods, wherein the targeting signaling molecule is an KNAl, preferably the RNA is 
dOTved firom a bacteria (e.g. Corynebacteria, Pneumococci, Streptococci, Staphylococci, 
25 enteric bacilli, mycobacteria, spirochetes, chlamydiae), virus (e.g. Hepatitis C virus 
(HCV), Hepatitis B virus (HBV), human immunodeficiency virus (HIV), human 
papilloma virus (HPV), poliovirus. West Nile virus (WNV), Human T-cell Lyphotrophic 
Virus TjTpe 1 (HTLV-l), cytomegalovirus <CMV), Herpes Simplex. Virus <HSV), 
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respiratory syncytial virus (RSV), influenza virus^ rhinoviius, foot and mouth disease 

« 

virus, ebola virus, dengue fever virus, feline leukemia virus (FISV)), fimgi (e.g. genera 
Aspergillus PeniciUium and Cladosporium), plant (e.g. com, soy, cotton, wheat) or 
• mammalian (e.g. human, mouse, rat, cat, dog, monkey) genome. 

5 In another embodiment, the invention features a method of detecting and/or 

amplifying a target signaling molecule, wherein &e target signaling molecule is RNA 
. sequence derived from a virus (e.g. Hepatitis C virus QEICV), Hepatitis B virus (EIBV), 
human immunodeficiency virus (HIV), human papilloma virus (HPV), poliovirus. West 
Nile virus (WNV), cytomegalovirus (CMV), Herpes Simplex Virus (HSY), req)iratory 
10 syncytial virus (RSV), influenza virus, rhinovirus, foot and mouth disease virus, ebola 

■ 

virus, dengue fever virus, feline leukemia virus (FLV)), fiingi (e.g. genera Aspergillus 

■ * ' • 

PeniciUium and Cladosporium), plant (e.g; com, soy, cotton, wheat) or mammalian (e.g. 
human, mouse, rat, cat, dog, monkey) genome, bacteria (e.g. Corynebacteria, 
Pneumococci, Streptococci, Staphylococci, enteric bacilli, mycobacteria, spirochetes, 

IS chlamydiae), mycoplasma or other infectious disease agent, in a system, where &e system 
is a biological sample from a subject, animal, blood, food material, water, and/or other 
potential sources for infectious disease agents. The method comprises the s^s of (1) 
contacting the system with the nucleic acid sensor molecule, where the nucleic acid 
sensor molecule comprises an sensor component and an enzymatic nucleic acid 

20 component, under conditions suitable for preferential interaction of the sensor component 
with the target signaling molecule that can be present in the system; (2) contacting the 
system with a reporter molecule under conditions suitable for the CTizymatic* nucleic acid 
component of the nucleic acid sensor molecule to catalyze a reaction with the reporter 
molecule; and (3) detecting the target signaling molecule by measuring any reaction 

25 catalyzed in (2). 

• 

In another embodiment the invention features a method of the detectir^ and/or 
ampli^dng a target signaling molecule, wherein the target signaling molecule is RNA 
sequence derived from a virus (e.g. Hepatitis C virus (HCV), Hepatitis B virus (HBV), 
human immunodeficiency virus (HIV), hmnan papilloma virus (HPV), pohovirus. West 
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Nile virus (WNV), . cytomegalovirus (CMV), Herpes Simplex Virus (HSV), ieq)iratoiy 
syncytial virus (RSV)y influKiza virus, zlunovirus, foot and moiifh disease virus, ebola 
virus, dengue fever vinis, feline leukemia virus (ELV)), fimgi (e.g. genera Aspergillus 

• ■ 

Penicaiium and aadospoxium), plant (e.g. com, soy, cotton, wheat) or mammalian (e.g. 
5 human, mouse, rat, cat, dog, monkey) genome, bacteria (e.g. Corynebacteria, 

■ • • • 

Pneumococci, Streptococci, Staphylococd, enteric bacilli, mycobacteria, spirochetes, 
chlamydiae), mycoplasma or other infectious disease agent, or other potential sources for 
infectious disease agents. The method comprises the steps of (1) contacting a reporter 
molecule with a mixture comprising a system and a nucleic acid sensor molecule having 
10 an enzymatic nucleic acid component and a sensor component, under conditions suitable 
for the enzymatic nucleic acid component of the nucleic acid sensor molecule to intoact 

■ * 

with the reporter molecule to catalyze a reaction; and (2) detecting a taiget signaling 
molecule by measuring the reaction catalyzed in (1). If the target signaling molecule is 
not preset in the system, then the enzymatic nucleic acid component will not catalyze a 
15 reaction with the reporter molecule and there will not be a signal to measure. 

« * 

Jn another embodimi^ one or more nucleic acid sensor molecules are attached to a 
solid support, for example, a silicon-based sur&ce. Each nucleic add sensor molecule can 
be attached via one of its termini by a spacer molecule to allow the nucleic acid sensor 
molecule to adopt the appropriate conformations without hindrance fiom the underlying 
20 solid siqjport A test mixture is contacted with one or more nucleic acid sensor molecules, 
and the mixture is contacted with the soHd support Measurement of a signal geuOT^ 

- » • 

the nucleic acid sensor molecule in response to interaction with a taiget signaling 
molecule at each address of ttie array reveals the concoitration of each taiget signaling 

molecule in the test mixture. 

.» _ 

25 In any of flie above methods, the enzymatic nucleic acid component of said nucleic 

acid sensor molecule can be a ha^Mnerhead^ hairpin, inozyme, G-cleaver, Zinzyme, 
RNase P, EGS nucleic acid, or Ambeizyme motif 

In any of &e above methods, the enzymatic nucleic acid component of said nucleic 
acid sensor molecule can be a DNAzyme. 
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In any of the above methods, the reporter molecule can comprise a detectable label 
selected from the groiq) consisting of chromogenic substrate, fluorescent labels, 
chexnilimunescent labels, and radioactive labels. 

In any of the above methods, the reports: molecule can be immobilized on a solid 
5 support, preferably comprising siUcon-based chips, siUcon-based beads, controlled poie 
glass, polystyrene, cross-linked polystyrene, nitrocellulose, biotin. plastics, metals and 
polyediylene films. 

* • 

In one embodiment of die inventive method, the sensor component of the nucleic 
acid sensor molecule is RNA, DNA» analog of BNA or analog of DNA.' 

* ■ ■ A 

• » * 

* • ■ 

10 In anolfaa embodiment, tiie sensor component of the nucleic acid sensor mcdecule 

is covalently attached to flie nucleic acid sensor molecule by a linker. Suitable linkers 
include, for example, one or more nucleotides, abasic moiety, polyefher, polyamine, 
polyamide, peptide, carbohydrate, lipid, and polyhydrocafbon compounds, and any 

I 

combination Ihereofl 

• ■ • 

15 In anoths embodimaat, the sensor component of the nucleic acid sensor molecule 

is not covalently attached to the nucleic acid sensor molecule. 

In one anbodiment, the nucleic acid sensor molecules of the invention are used to 
detect target signaling agents involved in human and animal disease, for example viruses, 

f 

bacteria, protdns, olher pathogens and toxins. Examples of viral target signaling agents 
20 include but are not limited to Hepatitis C virus (HCV), Hepatitis B virus (HBV), human 
immunodeficiency virus (HIV), human papilloma vnus (HPV), poKovirus, West Nile 
virus (WNV), cytomegalovirus (CMV), Herpes Simplex Virus (HSV), respiratory 
syncytial virus (RSV), influenza virus, rhinovirus, foot and mouth disease virus, ebola 
virus, dengue fever virus, felme leukemia virus (ELV), and others. Examples of bacterial 
25 target signaling agents include but are not limited to Corynebacteria, Pneumococci, 
Streptococci, Staphylococci, enteric bacilli, mycobacteria, spirochetes, chlamydiae, and 
others. 
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Examples of protein target signaling agents include but are not limited to prions, for 
example CVJ and BSE associated prions, signal transduction proteins, tyrosine kinases, 
phosphatases, phosphorylases, dephosphoiylases, polymerases and others. Examples of 
other parasite target signaling agents include but are not limited to pathogenic agents 
5 related to malaria, lyme disease (Borrelia burgdorferi), sleeping sickness, giardia, and 

ciyptsporidia. 

. . - . 

Examples of toxin target signaling agents include but are not limited to lead, 
mercury, asbestos,- pesticides, herbicides, PCBs, and oflier organic and inorganic 
compounds. 

■ 

1 0 The present invention also provides kits for the detection of particular targets in test 

mixtures. The kit comprises separate components containing solutions of a nucleic acid 
senjsor molecule specific for a particular target signaling agent, and containing solutions 
of the appropriate rqporter molecules. In some embodiments, the kit comprises a solid 
' support to which is attached the nucleic acid sensor molecule to the particular target In 

15 further embodiments, the kit further comprises a component containing a standardized 
solution of the target With this solution, it is possible for the user of the kit to prepare a 
graph or table of the detectable signal (for example, fluorescerice luiits vs. target 

* • ■ 

concentration); this table or graph is then used to determine the concentration of the tai^et 

_ • • • 

in the test mixture. Devices that automate the manipulation of such kits, perform the 
20 repeated function of the kits, combine various stqps of kits, or that generate d^ from the 
kits are further contemplated by 'ttie instant invention. 

■ • 

Jn one embodiment, the nucleic acid sensor molecules (allozymes) are used to 
detect the presence of or absence of single stranded RNA (ssKNA) in a system, for 
example in a blood sample, cell extract, cell, or entire organism. An array of nucleic acid 
25 sensor molecules, for example when attached to a surface such as a chip or bead, can be 
used to detect and profile ssKNA in a system. As such, nucleic acid sensor molecules <:an 
be used in the analysis and/or .profiling of gene ex|Hession in vitro or in yivo. The 
. information generated by the nucleic acid sensor array can be used in mapping gene 
repression patterns and genotyping for various purposes, for example in target discov^y. 
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target validation, drug discoveiy, deteiminirig susceptibility to disea^, determining the 

• « 

potentii^ effect of various treatments ox th^:apies» predicting drug metabolism or drug 
response, selecting candidates for .clinical trials, and for managing the treatment of 
disease in individual subjects. 

S In another embodiment, the nucleic acid sensor molecules (allozymes) are used to 

detect the presence of or absence of single nucleotide polymorphisms (hereinafter 
**SNPs'0 or single stranded DNA (ssDNA) in a system, for Example in a blood sample, 
cell retract, cdl, or entire organism. An array of nucleic acid sensor molecules, for 
example when attached to a sur&ce such as a chip or bead, can be used to detect and 
10 profile SNPs or ssDNA in a system. As such, nucleic acid sensor molecules can be used 
in SNP discovery, detection, and scoring. In a non-limiting example, apliirality of nucleic 
acid sensor molecules is used to scre^ a fetus, infant, child or adidt for genetic defects 
based on the SNP profile of the fetus, infant, child or adult A sample of genetic material 
is obtained firom, for example amniotic fluid, chorionic villus, blood, or hair and is 

■ 

IS contactedwithanarray of nucleic acid sensor molecules. The array of nucleic acid sensor 
molecules comprises a SNP library such that , the presence of any predetermined SNP is 
indicated by the corresponding nucleic acid sensor by measuring the extent of the signal 
produced when the nucleic acid sensor interacts with the SNP, for example by measuring 
fluorescmce, color change, precipitate deposition, voltage or current For example, a 

20 nucleic acid computer, device of the invention can be integrated into the nucleic acid 
sensor array such that the output of the array is recorded electronically and •can be 
subsequently downloaded into a database. An individual SNP profile, for example, a list 
of particular SNPs comprising a graotype, is established fi:om tiie signals generated by 
the nucleic acid sensor array. As such, treatment of the fetus, infant, child or adult can be 

25 initiated before symptoms arise. 

In another embodiment, the information gen^ted by the nucleic acid sensor array 
can be used in genotyping for various purposes, for example in target discovery, target 
validation, drug discovery, determining susceptibility to disease, determining ih& potential 
efiect of various treatments or therapies, predicting drug metabolism or drug response. 
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selecting candidates for clinical trials, and for managing the treatment of disease in 
individual subjects. 

In another CTibodiment, the nucleic acid sensor molecules (allozymes) are used to 
detect the presence of or absence peptides and/or protems in a system, for example in a 
5 blood S9nq)le, cell extract, cell, or entire organism. These nucleic add molecules can be 
used in place of Elisa or Western Blot analysis, and provide a broader array of criteria to 

• * 

diffiorentiate proteins and peptides in vivo. The nucleic acid sensor molecules can be used 
to differentiate proteins or pq)tides that differ in sequmce, conformation, activation state 
or phosphorylation state, or by other post-translational modifications. An array of nucleic 

10 acid sensor moleciiles, for example when attached to a sur&ce such as a chip or bead, can 

*• . . ■ . • 

be used to detect and profile peptides and/or proteins in a system. As such, nucleic acid 
sensor molecules can be used in proteome discovery, detection, and scoring. In a non- 
limiting example, a plurality of nucleic acid sensor molecule is used to screen a fetus, 
infant, child or adult^s proteome. A sample of genetic material is obtained from, for 

IS ' example amniotic fluid, chorionic villus, blood, or hair and is contacted with an array of 
nucleic acid sensor molecules. The array of nucleic acid sensor niolecules comprises a 
proteome library such that the presence of any predetermined peptide or protein is 
indicated by the corresponding nucleic acid sensor by measuiing the extent of the signal 
produced when the nucleic acid sensor interacts with the peptide or protein, for exanoqple 

20 by measuring fluorescence, color change, precipitate d^osition, voltage or current For 
example, a nucleic acid computer device of. the invention can be integrated into the 
nucleic acid senspr array such that the output of the array is recorded electronically and 
can be subsequentiy downloaded into a database. The information generated by the 
nucldc acid sensor array can be used in diagnostic molecular profiling applications such 

25 as protien mapping or profiling for various purposes, for exanq>le in target discovoy, 
'target validation, drug discovery, determining susceptibility to disease, determining tiie 
potential effect of various treatments or therapies, predictirig drug metabolism or drug 
response, selecting candidates for clinical trials, and for managing the treatment of 
disease in individual subjects. 
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■ 

In one embodiment, the micleic acid sensor molecules (aUozymes) of Ihe invention 
are used for in vivo applications, for example in vfvo ELISA, dmg screening, and gene 
regulation. In vivo ELISA is essentially equivalent to westem blot analysis. An allozyme 
specific to analyte, for example DNA, KNA, protein, small molecule, metabolite etc., can 
5 be constitatively expressed along with green fluorescent protein (GFP). The allozyme is 
designed such that when activated it cleaves GFP mRNA thus inhibiting GFP e3q)ression. 
In the presence of an analyte, the GFP signal-would not be observed and in the absence of 
the analyte, full expression of GFP would be achieved. Thus, by monitoring GFP 
expression ' the analyte . concentration (e.g. protein expression) can be calculated. 
10 Similarly in vivo drug screening can be achieved using a similar system. This system 
would give direct IC50 and EC50 values.- In one embodiment, nucleic acid sensor 
molecule of the inv^tion (allozymes) can be used to modulate «g^e expression and the 
expression of RNA and protein in vivo. These nucleic acid sensor molecules are designed 
to respond to a signaling agent, for example, a gene, SNP, mutant protein, wild-type 
15 protein, overexpressed prptdn, mutant RNA, wild-type KNA, compounds, metals, 
polymers, other molecules and/or drugs in a system., which in turn modulates the activity 
of the nucleic acid sensor molecule. In response to interaction with a predetemiined 
signaling agent, the nucleic acid sensor molecule's activity is activated or inhibited such 
that the expression of a particular target is selectively down-regulated. The target can 
20 comprise a wild-type protein or RNA, mutant protein or RNA, and/or a predetermined 
cellular component that modulates gene expression or protein activity. In a specific 
sample, nucleic acid sensor molecules tiiat are activated by interaction with an RNA 
encoding a target protdn are used as therapeutic agents in vivo. The presence of RNA 
encoding the target protein activates the nucleic acid sensor molecule that subsequently 
25 cleaves the RNA encoding the target protein, resulting in the inhibition of protein 
expression. In this manner, cells that express ih& target protein are selectively targeted for 
fixerapeutic activity. 

« 

In another non-limiting example, an allozyme can be activated by a predetermined 
protein, peptide, or mutant polypeptide tiiat causes flie allozyme to inhibit the expression 
30 of the gene encoding the protein, peptide, or mutant polypeptide, by, for example. 
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cleaving RNA encoded by tibte gene. In this non-limiting example, the allozyme acts as a 
decoy to inhibit flie function of the proteni, peptide, or mutant poiyi)eptide and also 
inhibit the expression of the protein, peptide, or mutant polypq}tide once activated by the 
protein, peptide, or mutant polypeptide. 

5 PrefCTably, a nucleic acid molecule of the instant invention -is between 13 and 500 

nucleotides in length. For example, nucleic acid sensor molecules of the invention are 
preferably between 25 and 300 nucleotides in lengtlv more preferably between 30 and 
150 nucleotides in lengtti, e.g., 34, 36, 38, 46, 47, 56, 65, 78, or 136 nucleotides in length. 
Exemplaiy DNAzymes of the invention are preferably between 15 and 400 nucleotides in 

* . 

0 length, more preferably between 25 and 150 nucleotides in length, e.g., 29, 30, 31, oir 32 
nucleotides in length (see for example Santoro et cd., 1998, Biochemistry, 37, 13330- 
13342; Chartrand et al, 1995, Nucleic Acids Research, 23, 4092-4096). Those skilled in 
the art will recognize that all that is required is for the nuddc acid molecule to be of 
length and conformatiDn sufficient and suitable for the nucleic acid molecule to catalyze a 

15 reaction contemplated herein. The length of Ifae nucleic acid molecules of the instant 

■ 

invention are not limiting within the general limits stated. 

* • 

In a preferred embodiment, the invention provides a method for producing a class 
of nucleic addr-based diagnostic agents that exhibit a high d^ee of specificity for the 
target signaling molecule. 

20 In additional embodiments, the invention features a method of detecting target 

signaling molecules or signaling agents in both in vitro and in vivo applications. Jn vitro 
diagnostic applications can comprise both solid siq>port based and solution based chip, 
multichip-array, micro-well plate, and micro-bead derived applications as are commonly 
used in the art In vivo diagnostic applications can include but are not limited to cell 

25 culture and animal model based applications, comprising differential g^e expression 
arrays, FACS based assays, diagnostic imaging, and others. 

By "signaling agent" or 'target signaling agenf is meant a chemical or physical 
entity capable of intCTacting with a nucleic acid sensor molecule, specifically a sensor 
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component of a nucleic acid sensor molecule, in a manner that causes the nucl^c acid 
sensor molecule to be active. The interaction of the signaling agent with a nucMc acid 
sensor molecule may result in modification of the enzymatic nucleic acid component of 
the nucleic acid sensor molecule via chemical, physical, topological, or conformational 

• * 

5 changeis to the structure of the molecule, such tiiat the activity of the enzymatic nucleic 
acid component of tiie nucleic acid sensor molecule is modulated, for example is 
activated or deactivated. Signaling agents can comprise target signaling molecules such 
as macromolecules, Ugands, small molecules, metals and ions, nuclric acid molecules 
including but not linnted to KNA and DNA or analogs thereof protdns, peptides, 

10 antibodies, polysaccharides, lipids, sugars, microbial or cellular metabolites, 
pharmaceuticals, and organic and inorganic molecules in a purified or impurified fomi, or 
physical signals including magnetism, temperature^ light, sound, shock, pH, capacitance, 
voltage, and ionic conditions. 

• * 

By ^enzymatic nucleic acid" is meant a nucleic acid molecule capable of catalyzing 
15 (altmng the velocity and/or rate of) a variety of reactions including the ability to 
repeatedly cleave other separate nucleic acid molecules (endonuclease activity) or ligate 
other separate nucleic acid molecules (ligation activity) in a nucleotide base sec^uence- 
specific maimer.. Additional reactions amenable to nucleic acid sensor molecules include 
but are not limited to phosphorylation, dephosphorylation, isomerization, helicase 
20 activity, polymerization, transesterification, hydration, hydrolysis, alkylation, 
dealkylation, halogenation, dehalogenation, esterification, destenfication, hydrogenation, 
dehydrogenation, saponification, desaponification, axoination, deamination, acylation, 
' deacylation, glycosylation, deglycosjdation, silation, desilation, hydroboration, ' 
epoxidation, peroxidation, carboxylation, decarboxylation, substitution, elimination, 
25 ' oxidation, and reduction reactions on both small molecules and maCTomolecuIes. Such a 
molecide with endonuclease and/or ligation activity can have complementarity in a 
substrate binding region to a specified gene target, and also has an enzymatic activity that 
specifically cleaves and/or ligates KNA or DNA in that target That is, the nucleic acid 
molecule wi& endonuclease and/of ligation activity is able to intramoleculaiiy or 
30 intermolecularly cleave and/or ligate KNA or DNA and thereby inactivate or activate a 
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■ 

target KNA or DNA molecule. This complementarity fimctioiis to allow sufficient 
hybridization of the enzymatic KNA molecule to the taiget KNA or DNA to allow the 
^ cleavage/ligation to occur. 100% complementarity is preferred, but complementarity as 
low as 50-759^ can also be useful in fliis invention. Jn addition, nucleic acid sensor 
molecule can perfoon ofher reactions, including those mentioned above, selectively on 

* * - 

both small molecule and macromolecular substrates, though specific interaction of the 
nucleic acid sensor molecule sequence with the desired substrate molecule via hydrogen 
bonding, electrostatic interactions, and Van der Waals interactions. The nucleic acids can 
be modified at the base, sugar, and/or phosphate groups. The tetin enzymatic nucleic acid 
is used interchangeably with phrases such as ribozymes, catalytic KNA, enzymatic KNA, 
catalytic DNA, catalytic oligonucleotides, nucleozyme, DNAzyme, KNA enzyme, 
endoribonuclease, endonuclease, minizyme, leadzyme, oligozyme^ findecon or DNA 
mzyme. All of these terminologies describe nucleic acid molecules wifli en^onatic 
activity. 

I - 

There are several different stmctural motifs of enzymatic nucleic acid molecules 
that catalyze cleavage/ligations reaction, including but not limited to hammerhead mo tif, 
hairpin motb^ hepatitis delta virus inotif, G-cleaver motiJ^ Amberzyme moti^ inozjnne 
moti^ and Zinzyme motif 

By 'Nucleic acid sensor molecule" as used hereni is meant a nucleic acid molecule 

■ » 

wherein the activity of the nucleic acid sensor molecule is modulated by the presence or 
absence of an effector molecule or target siganlling agent Nonlimiting examples of 
nucleic acid sensor molecules of the invention are described in Usman et al., Ihtemational 
PCT Publication No. WO 01/66721 incorporated by refi^ience herein in its CTtiiety 
including the drawings. Jn one embodiment, a nucleic acid sensor molecule or 
^^ulticomponent nucleic acid sensor molecule" as used herein refers to a nucleic acid 
sensor molecule assembled fiom one or more enzymatic nucleic acid domains (also 
referred to as "enzymatic nucleic acid components" herein) and one or more effector 
domains (also referred to as "effector components" herein). The multicomponent nucleic 
acid sensor molecule is active to catalyze a reaction involving a reporter molecule, when 
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all the necessary compoiients that make up Ihe enzymatic nucleic acid domain interact 
with each. other in a functional manner to catalyze the reaction. In one embodiment, the 
enry matic nucIeic acid domain is assembled from two or more separate nucleic acid 
molecules wherein the enzymatic nucleic acid domain is active only whra all Ihe separate 

5 nucleic acid molecules interact with each other in a manna necessary for the enzymatic 
nucleic acid domain to be active. In ano&er embodim^t, the enzymatic nucleic acid 
domain is made up of two separate nucleic acid molecules (also referred to as 'llal&yme" 
herein). In another embodiment, the enzymatic nucleic acid domain is assembled firom 
two or more separate nucleic acids, wherein one of the separate nucleic acid moleculeis is 

10 iEhe effector component. The reporter molecule can optionally be covalently attached to a 

« 

portion of one of the nucleic acid sensor molecule components. The nucleic acid sensor 
molecule Gk>nstruct can be engineered such that the effector component of the 
multicompon^t construct is provided in a sample or system of interest, i.e., in the 
absence of an appropriate effector component, 'ttie enzymatic nucleic acid component is 

IS. unable to catalyze a reaction involving a reporter molecule. Whereas in the presence of 
• the eSector componrat, the enzymatic nucleic acid component and effector component 
are able to assemble into an active enzymatic nucleic acid molecule component (see for 
&cample Figure 1) such that the nucleic acid sensor molecule is active to catalyze a 
reaction on a reporter molecule. He reaction catalyzed by the nucleic acid sensor 

20 molecule on a substrate does not cause any modification of tiie effector molecule.* The 
effector and the reporter molecule are separate molecules. ^ 

By "effector componenf* or "effector molecule" or "effector" as used herein is 
meant any nucleic acid, polyriucleotide, or oligonucleotide capable of interacting with an 
enzymatic nucleic acid component of a multicomponent nucleic acid s^isor molecule in a 

25 manner that modulates the activity of the multicomponent nucleic acid sensor molecule. 
In one embodiment, the interaction of the effector componCTt with the enzymatic nucleic 
acid component can provide a configuration such that the multicomponent nucleic acid 
sensor molecule is active in the presence of the effector. In another embodiment, the 
interaction of the effector component with the enzymatic nucleic acid component can also 

30 result in modification of Ihe enzymatic nucleic acid coniponent of the multicomponent 
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nucleic acid sensor molecule via chemical^ physical, topological, or confoimatibnal 
changes to the structure of the molecule, such that the activity of tibie enzymatic nucleic 
acid component of the nucldc acid sctsot molecule is modulated, for eoumple is 
activated or deactivated in the presence of fhio effector component Effector components 

5 of the instant invention can comprise nucleic acid molecules indicative of infectious 
disease causing ag^ts and/or markers of disease having a genetic hasis. Jn another 
embodiment, the effector molecule interacts wifli the enzymatic.mxcleic acid Qomponent 
in the active site, hi anotiia embodiment, the effector molecule interacts with the 
enzymatic nucleic acid component in the .allosteiic. site or site different from the active 

10 site. In anotiier embodiment, the effector molecule makes up the active site or is an ' 
essential part of the active site of the enzymatic nucleic acid domain. The terms "effector 
component* ' or "effector*^ can also be refeired to herein as 'target nucleic acid'' in tibie 
s^ise that the effector component can comprise a particular target nucleic acid molecule 
to be detected by iho nucleic acid sensor molecule of the invention in a system, subject or 

IS sample. In one embodiment, the target nucleic acid comprises longer sequence than the 
effector component, for example wherein the effector component results from cleavage or 
processing of the target nucleic acid in a method of the invention. 

By "enzymatic nucleic acid component" is meant a nucleic acid niolecule capable 
of catalyzing (altering the velocity and/or rate of) a variety of reactions including the 

20 ability to repeatedly cleave other separate nucleic acid molecules (endonuclease activity) 
or ligate other separate nucleic acid molecules (ligation activity) in a nucleotide base 
sequence-specific manner in the presence of an effector component An enzymatic 
nucleic acid componCTt with endonuclease and/or ligation activity can have 
complementarity in a substrate binding region to a specified reporter molecule, and also 

25 has an enzymatic activity that specifically cleaves and/or lig^tes RNA or DNA r^orter 
molecules. That is, the enzymatic nucleic acid component with endonuclease and/or 
ligation activity is able to intramplecularly or intermolecularly cleave and/or ligate KNA 
or DNA and thereby inactivate or activate a target RNA or DNA molecule in the presmce 
of an effector component This complementarity functions to allow sufficient 

30 hybridization of the enzymatic nucleic acid component to the reporter molecule to allow 
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the cleavage/ligation to occur. 100% complementarity is preferred, but complementarity 
as low as 50^75% can also be useful in invention. 

* • • 

■ * 

The nucleic acids components and reporter molecules of the invCTtion can be 
modified at Ihe base, sug^r, and/or phosphate groiq)S. 

5 By "substrate binding arm" or "substrate binding domain" or "substrate binding 

* • 

region" is meant that portion or region of a nucleic acid sensor molecule which is able to 
interact, for example, via complementarity (zJe., able to base-pair with), with a portion of 
its substrate or reporter. Preferably, such complementarity is 100%, but can be less if 
desired. iFor example, as few as 10 bases but of 14 can be base-paired (see for example 

10 Werner and Uhlenbeck, 1995, Nucleic Acids Research, 23, 2092-2096; Hammann et oL, 
1999, Antisense and Nucleic Add Drug Dev., 9, 25-31). That is, these aims contain 
sequences within a nucleic acid sensor molecule which are intended to bring the nucleic 
acid sensor molecule and the target signalinjg molecule, for exainple RNA, together 
through complementary base-pairing interactions. The nucleic acid sensor molecule of the 

15 invention can have binding arms that are contiguous or non-contiguous and can be of 
varying lengths. Tlie length of the binding arm(s) are preferably greater than or equal to 
four nucleotides and of sufBcient length to stably intecact • with the target RNA. 
Preferably, the binding arm(s) are 12-100 nucleotides in length. More preferably, the 
binding aims are 14-24 nucleotides in length (see, for example, Werner and Uhlenbeck, 

20 supra: Hamman et aL, supra; Hampel et al.. EP0360257; Betzal-Henance et aL, 1993, 
EMBO J., 12, 2567-73). If two binding aims are chosoi, the design is such tiiat Ihe 
length of the binding aims are synmietrical (z.e., each of the binding arms is of Ihe same 

• • • 

* • - 

length; ^g., five and five nucleotides, or six and six nucleotides, or seven and seven 
nucleotides long) or asymmetrical (i.e., the binding arms are of different length; eg., six 
25 and three nucleotides; three and six nucleotides long; four and five nucleotides long; four 
and six nucleotides long; four and seven nucleotides long; and the like). 

By "enzymatic portion" or "catalytic domain" is meant fliat portion or region of the 
nucleic acid sensor molecule essCTtial for catalyzing a chemical reaction,, siich as 

• ■ 

cleavage of a nucleic acid substrate. 



t 
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By ''system'^ or "sample" is meant material, in a purified or unpuri£ed foim, firom 
biological or non-biological sources, including but not limited to human, flnimal^ soil, 
food, water, or others sources that comprise tiie effector component to be detected or 
amplified. As such, nucleic acid sensor molecules of the invention can be used to assay 
' S target compounds in biologic and non-biologic systems, such as in human and animal 

■ • • 

subjects or in samples of unidentified materials outside of a biological system. 

The 'l^iological system'' or 'biological sample" as used herdn can be a eukazyotic 

. • - , . • 

system or a prokacyotic system, for exanq)le a bacterial cell, plant cell or a mammalian 
cell, or of plant origin, mammalian origin, yeast origin, Drosophila origin, or 
10 archebacterial origin. 

By '^reporter molecule" is meant a molecule, such as a nucleic acid sequence (e.g., 
KNA or PNA or analogs thereof) or peptides and/or other chemical moieties, able to 
stably- interact with the nucleic acid sensor molecule and function as a substrate for the . 

* 

nucleic acid sensor molecule. The reporter molecule can be covalently linked to the 

• • • • 

IS nucleic acid sensor molecule or a portion of one of the components of a hal&yme. The 
rq>oiter molecule can also contain chemical moieties capable of generating a detectable 
response, including but not limited to, fluorescent, chromogenic, radioactive, -enzymatic 
and/or chemiluminescent or other detectable labels that can then be detected using 
standard assays known in the art The reporter molecule can also act as an intennediate in 

20 a chain* of events, for example, by acting as an amplicbn, inducer, promoter, or inhibitor 
of other events that can act as second messengers in a systeotiL 

In one embodiment, the reporter molecule of the invention is an oligonucleotide 
primer, template, or probe, which can be used to modulate the amplification of additional 
nucleic acid sequences, for example, sequences . con^nrising reporter molecules, target 
25 signaling molecules, eSector molecules, inhibitor molecules, and/or additional nucleic 
acid sensor molecules of the instant invention. 

By "sensor component" or ^'sCTsor domain" of the nucleic acid sensor molecide is 
meant, a molecule such as a nucleic acid sequ^ce (e.g., RNA or DNA or analogs 
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thereof), peptide, or other chemical moiety which can interact wifli one or more regions of 
a target signaling agent or more than one target signaling agents, and which interaction 
causes the enzymatic nucleic acid component of the nucleic acid sensor molecule to 
modulate, such as inhibit or activate, tiie catalytic activity of the nucleic acid sensor 
5 molecule. In the presence of a signaling agent, the ability of the sensor component, for 
example, to modulate the catalytic activity of the enzymatic nucleic acid component is 

* 

inhibited or dinunished. The sensor component can comprise recognition properties 

• • • 

relating to chemical or physical signals capable of modulating the enzymatic nucleic acid 
component via chemical or physical changes to the structure of the iiucleic acid sensor 
10 molecule. The sCTSor component can be derived fiom a naturally occurring nucleic acid 

• ■ * 

protein binding sequence, for example KNAs that bind viral proteins such as HTV trans- 
activation response (TAR), HIV nucleocapsid, TFHA, rev, rex, Ebola VP35, HCV core 
proteins, HBV core proteins; KNAs that bind eukaryotic proteins such as protein kinase R 
OPKR), ribosomal proteins, KNA polymerases, and ribonucleoproteins. The? sensor 
15 component can also be derived from a nucleic acid sequence that is obtained through in 
vitro or in vivo selection techniques as are know in the art Alternately, the sensor 
component can be derived from a nucleic acid molecule (aptamer) which is evolved to 
. bind to a nucleic acid sequence within a target nucleic acid molecule. Such sequences or 
"aptamCTS** can be designed to bind a specific protein, peptide, nucleic acid, co-fector, 
20 metaboKte, drug, or other small molecule witib varying ajGBnity. The sensor component 
can be covalentiy linked to the nucleic acid sensor molecule, or can be non-covalentiy 
associated; A person skilled in the art will recognize that all that is required is that the 
sensor component is able to selectively inhibit the activity of the nucleic acid sensor 
molecule. 

25 "Complementarity* refers to the ability of a nucleic acid to form hydrogOT bond(s) 

with anotiier KNA sequence by either traditional Watson-Crick or othor non-traditional 
types. In reference to the nucleic molecules of the present invention, the binding See 
energy for a nucleic acid molecule with its target or complementary sequence is sufficient 
to allow the relevant function of the nucleic acid to proceed, e.g., enzymatic nucleic acid 

30 cleavage, ligation, isomerization, phosphorylation, or dephosphorylation. Determination 
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of binding free energies for nucleic add molecules is well kno^ in flie art (see, e.g., 
Tumer et aL, 1987, CSHSymp. QuanL Biol LIIpp.123-133; Frier et al., 1986, Proc Nat. 
Acad. ScL USA 83:9373-9377; Tumer et aL, 1987, J. Am. Chem. Soc. 109:3783-3785). A 
percent complementarity indicates the percentage of contiguous residues in a nucl^c acid 
5 molecule which can fdrm hydrogen bonds (e.g., Watson-Crick base pairing) with a 
second nucleic acid sequence (e.g., 5, 6, 7, 8, 9, 10 out of lOheing 50%, 60%, 70%, 80%, 
90%, and 100% complementaiy). 'Teifectly complementary" means that all the 
contiguous residues of a nucleic acid sequence will hydrogen bond with the same number 

of contiguous residues in a second nucleic acid sequence. 

. • ' * - 

• * * 

10 By "alkyl" group is meant a saturated aliphatic hydrocarbon, including straight- 

chain, bianched-chaini and cyclic alkyl groins. Preferably, the alkyl group has 1 to 12 
carbons. More preferably it is a lower alkyl of from 1 to 7 carbons, more preferably 1 to 
4 carbons; The alkyl group can be substituted or unsubstituted. When substituted tiie 
substituted groi5)(s) are preferably, hydroxyl, cyano, alkoxy, =0, =S, NO2 or N(CH3)2, 
15 amino, or SH. The term also includes alkenyl groups which are unsaturated hydrocarbon 
groups containing at least one cafbon-caibon double bond, including straight-chain, 
bianched-chain, and cyclic groups. Preferably, the alkenyl group has 1 to 12 carbons. 
More preferably it is a Iowa: alkenyl of fiom 1 to 7 carbons, more pr^erably 1 to 4 
carbons. The alkenyl group can be substitoted or unsubstituted. When substituted the 
20 substituted groiq)(s) can be preferably, hydroxyl, cyano, alkoxy, =0, =S, N02> halogen, 
N(CH3)2, amino, or SH. The term "alkyl" also includes alkynyi groups which have an 
unsatin^ted hydrocarbon group containing at least one carbon-carbon triple bond, 
including strai^t-chain, branched-chain, and cyclic groups. Preferably, the alkynyi et)up 
has 1 to 12 carbons. More preferably it is a lower alkynyl of from 1 to 7 carbons, more 
25 preferably 1 to 4 carbons. The all^^ grovq) can be substituted or unsubstituted. When 
substituted the substituted group(s) is preferably, hydroxy!, cyano, alkoxy, =0, =S, NO2 
or N(C3i3)2, ammo or SH. Such alkjd groups can also include aryl, alkylaiyl, cafbocyclic 
aiyi, heterocyclic aiyl, amide and ester groiq)S. An "aiyl" group refers to an aromatic 
groiq) which has at least one ring having a conjugated p electron system and includes 
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caibocyclic aiyl, heterocyclic ai^ and biaiyl groiq>s, all of whiph can be optionally 
substituted. The preferred substitaent(s) of aryi . groups are halogen, tiihalomethyl, 
hydroxyl, SH, OH, cyano, alkoxy, alkyl, alkenyl, alkynyl, and amino groi^is. An 
"alkylaijd" gro\ip refers to an alkyl groirp (as described above) covalently joined to an arjd 

5 group (as desoibed above). Carbocyclic aiyl groups are groups wherein the ring atoms 
on the aromatic ring are all carbon atoms. The carbon atoms are optionally substituted. 
Heterocyclic aryl groups are groins having from 1 to 3 heteroatoms as ring atoms in the 
aromatic ring and the remainder of the ring atoms are caibon atoms. Suitable 
heteroatoms include oxygen, sulfur, and nitrogen, and include fiiranyl, thienyl, pyricfyl, 

10 pyrrolyl, N-1owct alkyl pyrrole, pyrimidyl, pyrazinyl, imidazolyl and the fike, all 
optionally substituted. An "amide" refers to an -C(0)-NH-R, whrae R is either alkyl, aiyl, 
alkylaryl or hydrogen. An "ester" refers to an -C(0)-OR', where R is either alkyl, aiyl, 
alkylaryl or hydrogm. 



By '^nucleotide" is meant a heterocyclic nitrogenous base in N-glycosidic linkage 
15 with a phosphorylated sugar. Nucleotides are recognized in the art to include natural 
bases (standard), and modified bases well known in the art Such bases are generally 
located at the T position of a nucleotide sugar moiety. Nucleotides generally conqprise a 
base, sugar and a phosphate group. The nucleotides cBn be immodified or modified at ihe 
sugar, phosphate and/or base moiety, (also referred to interchangeably as nucleotide 
20 analogs, modified nucleotides, non-natural nucleotides, non-standard nucleotides and 
othe^ see for ^cample, Usman and McSwiggen, stq?ra; Eckstein et al., Xntematiorial PCX 
Publication No. WO 92/07065; Usman et oL, International PCX Publication No. WO 
93/15187; XJhlman & Peymain, sitpra all are hereby incorporated by reference herein). 
There are several examples of modified nucleic acid bases known in the art as 
25 summarized by limbach et al., 1994, Nucleic Adds Res. 22, 2183. Some of the non- 
limiting examples of chemically modified and other natural nucleic acid bases that can be 
introduced into nucleic acids include, inosine, purine, pyridin-4-one, pyridin-2-one, 
phenyl, pseudouracil, 2,4,6-trimethoxy benzene, 3-methyl mracil, dihydrouridine, 

, 5-mefliylcytidine), 5-alkyluridines X^g.» 
30 ribothymidine), . 5-halouridine (e.g., 5-bromouiidine) or 6-azapyrimidines or 6- 
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• arcylpyrimidines ie.g. 6-methyliiridme), propyne, quesosin^ 2-^ouiidiiie, 4-tiiiouridme, 
wybutosine, wybutoxosme, 4-acetylcytidiiic, 5-(carboxyhydio^cymeflisi)uridiiie, 5*- 
caiboxymefliylaininoinetiiyl-2-fliioiiridine, 5-carboxymetiiyianiiaomefliyiiiiidine, beta-D- 
galactosylqueosine, 1-methyladenosine, l-methylinosine, 2,2-dimefhylguanosme, 3- 

5 methylcytidine, 2-methyladenosine, 2-methylguanosiiie, N6-mefhyladeiiosiiie, 7- 
mefliylguaaosine, 5-me*hoxyanimomethyl-2-tiiiouridine, 5-methyiammome11iyluridine, 5- 
methylcaAonyimefliyliiridiiie, 5-methyloxyuii.dine, 5-mefli^-2-tiiioiiridme, 2-mcthylfluo- 
.N6-isopentenyladeiiosiBe, beta-D-mamosylqueosine, uridine-5-oxyacetic acid, . 2- 
thiocytidine, threonine derivatives and others (Burgin et al., 1996, Biochemistry, 35, 

10 14090; Uhlman & Peyman, supra). By "modified bases" in this aspect is meant 
nucleotide bases other than adenine, guanine, cytosine and niacil at 1' position or their 
equivalents; such bases can be used at any position, for example, within the catalytic core 
of an nucleic add sensor molecule and/or in the substrate-binding regions of the nucleic 
acid molecule. 

• « 

15 By "nucleoside" is meant a heterocyclic nitrogenous base in N-glycosidic linkage 

with a sugar. Nucleosides are recognized in the art to include natural bases <standard), 
and modified bases well known in the art Such bases are generally located at the 1' 
position of a nucleoside sugar moiety. Nucleosides generally comprise a base and sugar 
group. The nucleosides can be unmodified or modified at the sugar, and/or base moiety, 

20 (also referred to interchangeably as nucleoside analogs, modified nucleosides, non- 
natural nucleosides, non-standard nucleosides and..other; see for exanqile, Usman and 
McSwiggen, siqn-a\ Eckstein et al.. International PCX PubUcation No. WO 92/07065; 
Usman et aL, International PCT Publication No. WO 93/15187; XJUman & Peyman, 
supra all are hereby incoiporated by rrference herdn). There are sevoal examples of 

25 modified nucl«c acid bases known in flie art as summarized by Limbach et al., 1994, 
Nucleic Adds Res. 22, 21 83. Some of the non-Umiting examples of chemically modified 
and other natural nuddc acid bases that can be introduced into nucleic acids include, 
iriosine, purine, pyridin-4-one, pyridin-2-one, phenyl, pseudouracil, 2,4,6-trimelhoxy 
benzene, 3-methyl uracil, dihydrouridine, naphfliyl, ammophenyl, 5-alkylcytidinfis (e-g;, 
30 5-methylcytidine), 5-alkyluridines (eg., ribofliymidine), 5-halouridine i^g.. 
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S-bromburidiBe) or 6-azapyrimidines or 6-all^ylpymnidiBes {e.g. d-melhylimdine), 
propyne, quesosine, 2-thiouridiiie, 4-thioiiridiiie, wybutosine, wybutoxosine, 4- 
acetylcytidine, S-(carboxyhydroxymethyl)uridme, 5'-caiboxyme1hylazmBometbyl-2- 
fhiouridine, ' S-caiboxymethylaminomethyluridm . beta-D-rgalactosylqueosine, 1- 
S methyladenosine, . l-methylinosine, 2,2-diinethylguanpsme, 3-methylcytidiiie, 2- 
methyladenosin^ 2-inethylguanosine, N6-me11iyladenosme, 7-ine11iylguanosme, S- 
mefhoxyainiiiomethyl-2--thiouridine, S-methylaininometiiyluridiiie, 5- 

metbylcarbonylmethyluridine^ S-metbyloxyuridiiie, S-xnethyl-2-^Mouiidmey 2-methyl11iio- 

N6-isopentenyladenosme, beta-D-manaosylqueosine, uridine-S-K>xyacetic acid, 2- 

• - . ... . • . . . • 

• ♦ * 

10 fhiocytidine, threonine derivatives and others (Buigm et al., 1996, Biochemistry, 35, 
14090; Uhlman & Peyman, supra). By "modified bases*' in this aspect is meant 
nucleoside bases other than ad^iine, guanine, cytosine and uracil at 1' position or their 
equivalents; such bases can be used at any position, for example, within the ca^ytic core 
of an nucleic acid sensor molecule and/or in the substrate-binding regions of the nucleic 

15 acid molecule. 

• • - 

■ 

By "unmodified nucleotide" is meant a nucleotide with one of tihe bases adenine, 
cytosine, guanine, thymine, uracil joined to Ihe 1' carbon of beta-D-ribo-fiiranose. 

* • 

By ''modified nucleotide" is meant a nucleotide that contains a modification in Ihe 
chemical stmcture of an unmodified nucleotide base^ sugar and/or phosphate. 

■ • 

* 

20 By "unmodified nucleoside" is meant a nucleoside with one of the bases adenine, 

cytosine, guanine, tiiymine, uracil joined to the 1' caifoon of beta-D-ribo-furanose. 

By "modified nucleoside" is meant a nucleotide that contains a modification in the 
chCToical structure of an unmodified nucleoside base or sugar. 

By "class I ligase" as used herein in meant an: enzymatic nucleic acid molecule as 
25 generally described in Ekland et al., 1995, Scioice, 269, 364-370. 

By "siifficient length" is meant an oligonucleotide of length sufficient to provide 
the intended function (such as binding) under the expected condition. For example, a 
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binding arm of the enzymatic nucleic add component of the nucleic acid sensor molecule 

• • • 

should be of '"sufficient lengfli" to provide stable binding to the reporter molecule under 
the e^q^ected reaction conditions .and mvironment to catalyze a reaction. Jn a further 
example, the sraisor domain of the nucleic acid sensor molecule should be of sufficirat 
5 length to interact with a target nucleic acid molecule in a manner that would cause the 
nucleic acid sensor to be active. 

By "stably intdracf* is meant int^ction of the olijgonucleotides with target nucleic 
acid (e.g., by forming hydrogen bonds with complementary nucleotides in the target 

under physiological conditions) that is sufiGiciCTt to the intended purpose (e.g., cleavage of 

• , "• . • • 

10 target KNA by an enzyme). 

« 

By '"nucleic acid molecule" as used herein is meant a rnolecule comprising 

* * 

nucleotides. The nucleic acid can be single, double, or multiple stranded and can 
comprise modified or unmodified nucleotides or non--nucleotides or various mixtures and 
combinations thereo£ Nucleic acid molecules shall include oligonucleotides, ribozymes, 
1 5 DNAzymes, templates, and primers. 

By "ohgonucleotide'' or "polynucleotide*' is meant a nucleic add molecule 
comprising a stretch of three or more nucleotides. 

In a preferred embodiment the linker region, whsa present in the nucleic acid 
sensor molecule and/or reporter molecule is furtiier comprised of nucleotide, non- 
20 i nucleotide chemical moieties or combinations thereof. Non-limiting examples of non- 
nucleotide chemical moieties can include ester, anhydride, amide, nitrile, and/or 
phosphate groiqps. 

In another embodiment, the non-nucleotide linker is as defined herein. The term 
'"non-nucleotide" as used herein include ei&er abasic nucleotide, polyether, polyamine, 
25 polyamide, peptide^ carbohydrate, lipid, or polyhydrocarbon compounds. Si>ecific 
examples include those described by Seela and Kaiser, Nucleic Acids Res. 1990, 18:6353 
and Nucleic Acids Res. 1987, i5*3 113; Ooad and Schq>aitz, J. Am. Chan. Soc. 1991, 
113:6324; Richardson and Schepartz, /. Am. Chem. Soc 1991, 775:5109; Ma et al.. 
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Nucleic Acids Res. 1993, 2i:2585 snA Biochemistry 1993, 52:1751; Durand et aL, NudeiQ 
Adds Res. 1990, i5:6353; McCurdy et al.. Nucleosides &. Nucleotides 1991, jO'JZSl; 
Jschke et al.. Tetrahedron Lett 1993, 34:301; Odd et al. Biochemistry 1991, 30:9914; 
Arnold et aL. International Ppiblication No. WO89/02439; Usman « al., Intemaidonal 

* • * 

5 Publication No. WO 95/06731; Dudycz et aL. Intematiohal Publication No. WO 

95/11910 and Ferentz and Verdirie, J. Am. Chem. Soc 1991, ii3:4000, all hereby 

incoiporated by reference hereizL Thus, in a preferred embodiment, fhe inv^tion features 

an nucleic acid sensor molecule of the invention having one or more non-nudeotide 
. • - * 

moieties, and having enzymatic activity to perfoxm a chemical reaction, for example to 

10 cleave an RNA or DNA molecule. 

* 

By ^cap. structure'* is meant chemical modifications which have been incorporated 
at either temunus of the oligonucleotide (see for example Wincott et aL, WO 97/26270, 
incorporated by reference herein). These terminal modifications protect the nucleic acid 
molecule fixnn exonuclease degradation, and can help in delivery and/or localization 

15 within a cell. The cap can be present at the 5*-temirnus (5'-cap) or at the 3'-tOTninus (3'- 
cap) or can be present on both termini. In non-limiting examples: the 5*-cap is selected 
fiom the group comprising invited abasic residue (moiety), 4',5'-methylene nucleotide; 
l-(beta-D-erythrofinanosyl) nucleotide, 4'-thio nucleotide, caibocychc nucleotide; 1,57 
anhydrohcTdtol nucleotide; L^nucleotides; alpha-nucleotides; modified base nucleotide; 

20 'phosphorodithioate linkage; fAreo-pentofiiranosyl nucleotide; acyclic 3\4-seco 
nucleotide; acyclic 3,4-dihydroxybulyl nucleotide; acyclic 3,5-dihydroxypCTLtyi 
nucleotide, 3 -3 -inverted nucleotide moiety; 3 -3'-inverted abasic moiety; 3'-2'-invCTted 
nucleotide moiet>^ 3-2-inverted abasic moiety; 1,4-butanedLol phosphate; 3- 
phosphoramidate; hexylphosphate; aminohexyl . phosphate; 3 -phosphate; 3'- 

25 phosphorothioate; phosphorodithioate; or bridging or iion-bridging methylphosphoriate 
moiety (for more details see Wincott et aL, Intemational PCT publication No. WO 
^7/26270, incorporated by reference herein). In yet anotha: preferred embodiment the 3'- 
cap is selected .fit>m a grotq> comprising, 4V5 -methylene nucleotide; l-(beta-D- 
erythrofiiranosyl) nucleotide; 4*-thio nucleotide, carbocyclic nucleotide; 5 -anoino-alkyl 

30 phosphate; l,3-diamino-2-propyl phosphate, 3-aminopropyl phosphate; 6-aminohexyi 



• 



wo 03/089^50 PCT/DS02/35529 

: 

• « 

61 

• • • 

phosphate; l^-aminododecyl phosphate; hydroxypropyl phosphate; l,S-abhydrohexitol 

nucleotide; L-nucleotide; alpha-micleotide; modified base nucleotide; 

* 

phosphoiodilhioate; . //treo-pentofuranosyl nucleotide; acyclic 3',4'-seco nucleotide; 3,4- 
dihydroxybutyl nucleotide; 3,5-dihydroxypentyl nucleotide, 5 -5 -inverted nucleotide 
5 moiet}^ 5-5 -inverted abasic moiety; 5'-phosphoramidate; 5-phosphoxo11)ioate; 1,4- 
butanediol phosphate; .5*aniino; bridging and/or non-bridging S-phosphoramidate, 
phosphorotfaioate and/or phosphorodithioate, bridging or Hon bridgLug 
methylphosphonate and 5 -mercapto moieties (for more details see Beaucage and Iyer, 
1993 ^ Tetrahedron 49, 1925; incorporated by rrfmnce herein). 

10 By "abasic" or "abasic nucleotide" is meant sugar moieties lacking a base or having 

« 

other chemical groiq>s in place of a base at the V position^ (for more details see Wincott et 
oL, International PCX publication No- WO 97/26270). 

The, tenn ''non-nucleolide*' refers to any group or compound which can be 
incorporated into a nucleic acid chain in the place of one or more nucleotide imits, 

15 including either sugar and/or phosphate substitutions, and allows the remaining bases to 
exhibit their enzymatic activity. The group or compound is abasic in that it does not 
contain a commonly recognized nucleotide base, such as adenine, guanine, cytosine, 
uracfl or thymine. The terms "abasic" or ^'abasic nucleotide" are meant to include sugar 
moieties lacking a base or having other chradcal groups in place of a base at the 1* 

20 position, (for more details see Wincott et al., hitemational PCT publication No. WO 
Sril26TJQ). ' 

By '"KNA" is meant a molecule comprising at least one ribonucleotide residue. iSy 
•^ribonucleotide" or "2'-OH" is meant a nucleotide with a hydroxjd group at the 2* 
position of a P-D-ribo-furanose moiety. 

• • • ' 

25 By "subject" is meant an organisrn, which is a donor or recipient of explanted cells 

or the cells themselves. "Subject" also refers to an organism to which the nucleic acid 
molecules of the invention can be administered. Preferably, a subject is a mammal or 
mflTnm alian cells. More preferably, a subject is a human or human cells. 
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. By "enhanced enzyoaatic activity" is meant to include activity measured in cells 
and/or in vivo where tbe activity is a reflection of both Ifae catalytic activity aad Ae 
stability of the nucleic acid molecules of the invention. In this invention, the product of 
.these x>roperties can be mcreased in vivo compared to an all.RNA enzymatic nucleic acid 
5 or all DNA enzyme. In some cases, the individual catalytic activity or stability of the 
nucleic acid molecule can be decreased (i.e., less than ten-fold), but the overall activity of 
the nucleic acid molecule is enhanced, in vivo. 

a a • 

By "nucleic acid ckcuif ' or "nucleic acid-based circuit" is meant an electronic 

circuit comprising one or more nucldlc acids or oligonucleotides. 

■ • • 

■ 

* 

10 By 'Nucleic acid computer^ or **nucleic acid-based computer^* is meant a computing 

device or system comprising one or more nucleic acids or oligonucleotides. The nucleic 
acid computer can be used to interface biological systems, control other devices, or can be 
utilized to solve problems and/or manipulate data. Furthermore, the nucleic acid 
computer may comprise nucleic acid circuits. 

15 By **halfeyme*' is meant an enzymatic nucleic acid molecule assembled from two or 

more nucleic acid components. The enzymatic nucleic acid in the halfzyme configuration 
is active to catalyze a reaction involving a reporter molecule, v/hsa all the necessary 
components that make up the enzymatic nucleic acid interact with each other. The 
. reporter molecule may optionally be covalentiy attached to a portion of one of the 

20 halfzyme components. The halfeyme construct can be engme^ed such that an essential 
nucleic acid component of the enzymatic nucleic acid is provided by a target -signaling 
agent of interest, i.e., in tiie absence of an appropriate target signaling agent the hal£cyme 
construct is imable to catalyze a reaction involving a r^orter molecule and in the 
presence of the target signaling agent, the halze construct is able to assemble into an 

25 active enzymatic nucleic acid molecule (see for example Figures 1 and 15). 

By "predetermined RNA molecule" is meant a particular KNA molecule of known 
sequence, such as'a viral KNA, messenger KNA, transfer KNA, ribosomal KNA^. 
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m 

By "^system" is meant a group of substances or components that can be collectively 
combined or identij5ed. A. system can comprise a biological sys tern^ for example an 
organism, cell, or components, extracts, and samples ^ereofl A system can fiirttier 
comprise an experimental or artificial system, where various substances or components 
5 are intentionally combined together. 

By "'detectable response** is meant a chemical or physical property that can be 
measured, including, but not limited to changes in temperature, pH, frequency, charge, 
capacitance, or changes in fluorescent^ chromogenic, radioactive, enzymatic and/or 

« 

cbemiltmiinescent levels or properties that can then be detected using standard methods 
10 . known in the art 

m • 

By "single stranded KNA" (ssRNA) is meant a naturally occurring or synthetic 
ribonucleic acid molecule comprising a linear single strand, for exanq>le a ssKNA can be 
a messenger KNA (mRNA), transfer RNA (tRNA), ribosomal RNA (rBlNA) etc. of a 
gene. 

15. By "single stranded DNA" (ssDNA) is meant a naturally occurring or synthetic 

deoxyribonucleic acid molecule comprising a linear single strand, for example, a ssDNA 
can be a sense or antisense gene sequence or EST (Expressed Sequence Tag). 

By "predetermined target** is meant a signaling agent or target signaling agent that ( 
is chosen to interact witti a nucleic acid sensor molecule to gqierate a detectable 
20 response. 

By 'Validate a predetetmined gene target" is meant to confirm that a'particular^ene 
is associated with a specific phenotype, disease, or biological fimction in a system. Once 

■ 

the relationship between a gene and its fimction or resulting phenotype is determined, the 
gene can be targeted to modulate the activity of the gene. 

25 By 'Validate a predetermined RNA target*' is meant to confirm ibat a particular 

KNA transcrq>t of a gene or other KNA is associated with a specific phenotype, disease, 
or biological function in a system. Once the relationship betweai the RNA and its 



wo 03/089650 PCTAJS02/35529 

64 

function or resulting phenotype is determined, the RNA can be targeted to modulate the 
activity of the RNA or the gene encoding the RNA. 

By 'Validate a predetennined pq)tide target" is meant to confirm that a particular 
peptide is associated with a specific phenotype, disease, or biological fimction in a 
5 system. Once the relationship between the peptide and its function or resulting ph^otype 
is detennined, the peptide or KNA encoding the peptidei can be targeted to xhodulate the 
' activity of the peptide or the gene encoding ihc peptide. 

• * 

By 'Validate a predetermined protein target" is meant to confirm that a particular 

• * 

protein is associated with a specific phdnotjpe, disease, or biological function in a 
10 system. Once the relationship between flie protein and its function or resulting phenotype 
is determined, the protein or RNA encoding the protein can be targeted to modulate the 
activity of the protein or the gene encoding the protein. 

By -'SNP*' is meant a single nucleotide polymorphism as is known in the art to 
include single nucleotide substitutions or mismatches in a genome (see Brookes, 1999, 
15 Gene, 234, 177-186; Stephens, 1999, Molecular Diagnosis, 4, 309-317). SNPs can be 
used to identify genes and gene functions as well as to characterize a genotype. 

By ^^date a predetemuned SNP target" is meant to confiim that a particular SNP 
of a gene is associated witii a specific phenotype, disease, or biological function in a 

« 

system. Once the relationship betwem .the SNP and its function, associated gene 
20 - fimction, or resulting phenotype is determined, the SNP can be targeted to modulate the 
activity of the SNP or the gene associated witii the SNP. 

By "SNP scoring** is meant a process of identifying and measuring the preseiK^e of 
SNPs in a genome. SNP scoring can also refer to a system of ranking single nucleotide 
polymorphisms in temis of the relationship between a particular SNP and a certain 
25 disease state or drug response in an organism, for example a human. SNP scoring can be 
used in determining the genotype of an organism. 
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By "pTOteome" is meant fhe complete set of piotdns found in a paiticular system, 

■ • . ■ • 

such as a cell or organism, for example a human cell or himian. . 

« 

By "proteome map" is meant the functional relationship between different protein 
constituents of a proteome. 

• • • 

5 By ^oteome scoring" is meant a process of identifying and measuring, fhe 

presence of proteins in a pioteome. Proteome scoring can also refer to a system of ranking 
protiens in terms of the relationship between a particular protein and a certain disease 
state or drug response in an organism, for example a human. Proteome scoring can be 

a 

10 By ''disease specific proteome" is meant a proteome associated wi& a pairticular 

disease or condition. 

m 

m 

By ''treatment specific proteome" is meant a proteome associated with a particular 
treatm^t or therapy. 

By "molecular profiling" is meant the use of nucleic acid sensor molecules for 

* * m m ■ 

15 determining the prognosis and monitormg of human disease (e.g., cancer or hxmtian 
infectious disease) outcome in a subject and the use of nucleic acid sensor molecules for 
monitoring of subjects as a fimction of an approved drug or a drug under development, 
and/or subject surveillance and screening for drug and/or drug treatment Molecular 

• ■ • • ■ 

profiling as contemplated by the instant invention can comprise the use of profiling chip 

20 technology. 

... 

* ■ 

By "profiling chip" is meant a substrate to the surface of which one or more 
nucleic add sensor molecules or conoponents thereof are inmoiobilized in a spatially 
defined and physically addressable maimer (also referred to as arrays), for example 
wh^ein each nucleic acid sensor molecule immobilized on tiie substrate is designed to 
25 be dependent on a specific target protein co-factor. Each such Target Protein co- 
&ctor can be a marker for a specific humali disease or condition (e.g., cancCT or 
infectious disease). The profiling chip may be designed for a specific cancer or 
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• . * 

infectio\is disease or a groiq) of related or unrelated cancers or infectious diseases. The 
nucleic acid sensor molecules can be immobilized to llie sur&ce of the substrate by . 
means of in situ synthesis or via linJcers. In cert^ enibodiments, the tenn '^profiling 
chip" shall include an individual chip array or a wafer contairdng more than one chip 
S array, where the arrays are distinctly separated from each other. 

In certain embodiment, the term *i^get protein*' refers to a protein which can 
act as the co-factor for nucleic acid sensor molecule activity.' 

Other features and. advantages of the invmtion will be apparent from the following 
description of the piefeired embodiments thereof and fix>m the claims. 

10 Detection of Target Sip nalinp ; Molecules 

* 

• • • 

■ 

In one embodiment, the invention features several approaches to detecting signaling 
agents, ligands and/or target signaling ' molecules in a system using nucleic acid 
molecules. In all cases, activity of ihe nucleic acid is modulated via intocaction of the 
nucleic acid wifh the target signaling agent, ligand and/or taiget signaling molecule. 
15 In one CTabodiment, the present invention utilizes at least three oligonucleotide 

sequences for prop^ function: nucleic acid sensor molecule, reporter molecule, and target 
signaling moleciile. In a nonrlimiting example, the nucleic acid sensor, molecule is 
comprised of a sensor component and an enzymatic nucleic acid component. The nucleic 

« • 

acid sensor molecule can be further comprised of a linker betwe^ the sensor component 
20 and the enzymatic nucleic acid component The nucleic acid sensor molecule is in its 

4 

inactive state when the s^isor component binds to the nucleic acid sensor molecule in the 
enzymatic nucleic acid component. The sensor component can bind to the substrate 
binding regions or nucleotide feat contribute to the secondary or tertiary structure of the 
enzymatic nucleic acid component For example, the sensor component can bind to 
25 nucleotides located within the nucleic acid sensor molecule, which can disnpt catalytic 
activity. The reporter molecule may be able to bind to the nucleic acid sensor molecule, 
but a catalytic activity would be inhibited since the molecule is structurally inactive. 
Alternatively, the sensor component can bind to the substrate binding region(s) of the 
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eaizymatic nucleic acid componeiit, which can prevent the reporter molecule from binding 

* 

to the nucleic acid sensor molecule. The sensor component cannot be cleaved because 
the cleavage site would contain either a chemical modification which prevents cleavage 
or an inappropriate sequence. For example, hammerhead ribo^mes need to have a NUH . 
S motif in the molecule to be cleaved (H is adenosine, cytidine, or .uridine) for proper 
cleavage. By adding a guanosine at the H position in the RNA to be cleaved, cleavage 
can be inhibited. 

In the presence of. the target signaling molecule, the sensor component can 
disassociate from the enzymatic nucleic acid component and bind to the taiget signaling 
10 molecule preferentially. The sensor conoponent can prefer^tially bind to the taiget 

■ 

signaling molecule which results in the formation of a more stable complex. For 
example, the sensor component can bind to more nucleotides on the taiget signaling 
molecule than on the nucleic acid sensor molecule. Binding to a laiger number of 
nucleotides can have increased chemical stability and therefore is preferred over binding 

IS to a smaller number of nucleotides. 

When the sensor component is bound to tiie target signaling molecule and the 
rq>orter inolecule binds to the nucldc acid sensor molecule, a reaction can be catalyzed 
on the reporter molecule by the enzymatic nucleic acid component. For example, the 
reporter molecule can be cleaved. The cleavage event can then be detected by using a 

20 mnnber of assays. For example, electrophoresis on a polyacrylamide gel would detect not 
only the full Iragth reporter oligonucleotide but also any cleavage products ihst wero 
created by the functional nucleic acid sensor molecule. The detection of these cleavage 
products indicate tiie presence of the taiget signaling molecule. In addition, the reporter 
molecule can contain a fluorescent molecule at one end which fluorescence signal is 

25 quenched by anotha molecule attached at the other end of the reporter molecule. 
. Cleavage of the reporter molecule in this case results in the disassociation of the 
florescent molecule and the quench molecule, resulting in a signal. This signal can be 
detected and/or quantified by methods known in the ait (for example ^ee Nathan et al., 
US Patent No. 5,871,914, Birkenmeyer, US Patrat No. 5,427,930, and Lizardi et al., US 
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Patait No. 5,652,107, Geoige et al, US Patent Nos. 5,834,186 and 5,741,679, andShih e< 
al. US Patent No. 5,589,332). 

Alternatively, the' sensor of the signaling molecule can comprise a separate 
oligonucleotide sequence. 
5 Target sites 

Targets for useful nucleic acid sensor molecules can be determined as disclosed in 
Draper et al, WO 93/23569; Sullivan et al., WO 93/23057; Thompson et al., WO 
94/02595; Draper et al, WO 95/04818; McSwiggen et al, US Patent No. 5,525,468 and 
hereby incorporated by reference herein in totality. Rath^ than repeat the guidance 

10 provided in those documents here, below are provided specific exan:q)les of such 
melliods, not limiting to those in the art. Nucleic acid srasor molecules to such targets 
are designed as described in those ai>plications and syathesized to be tested in vitro and in 
VIVO, as dso described. Such nucleic acid sensor molecules can also be optimized and 
delivered as described therein. 

15 Hammerhead, hairpin, Inozyme, Zinzyme, Amberzyme and DNAzyme-based 

nucl^c acid sensor molecules are designed that can bind and are individually analyzed by 
computer folding (Jaeger et al., 1989 Proc Natl Acad. ScL USA, 86, 7706; Denman, 
1993, Biotechniques, 15, 1090) to assess whether the nucleic acid seaisor molecule 
sequences fold into flie appropriate secondary structure. Those nucleic acid sensor 

20 molecules with unfevorable intramolecular interactions between the binding arms and the 
catalytic core are eliminated from consideration. Varying binding arm lengths can be 
chosen to optimize activity. Generally, at least 5 bases on each aim are able to bind to, or 
otherwise interact with, the target RNA. Nucleic acid molecules of the differing motife 
are designed to anneal to various sites in flie mKNA message. The binding arms are 

25 complementary to the target site sequences described above. 

Hammerhead, DNAzyme, NCH, amberzyme, zinzyme or G-Cleaver-based nucleic 
acid sensor molecule cleavage sites were identified and were designed to anneal to 
various sites in the RNA target The binding aims are complemrataiy to the target site 
sequences described above. The nucleic acid molecules were chemically synthesized. 

30 The method of synthesis used follows the procedure for nomial DNA/RNA synthesis as 
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desciibed below and in Usman et aL, 1987 J. Am. Chem. Soc, 109, 7843; Scaiinge et oL. 
1990 Nucleic Acids Res., 18, 5433; Wincott et aL. 1995 Nucleic Acids lies. 23, 2677- 
2684; and Caruthers et aL, 1992, Methods in Evzymolpgy 21 1,3-19. 

« 

Nucleic acid molecule Svathesis 

S The nucleic acid molecules of the invention, including certain nucleic acid sensor 

molecules, can be syn&esized using the methods desciibed in Usman ei aL, 1987, J. Am. 
C^ienu Soc.^ 109, 7845; Scaiinge et aL, 1990, Nucleic Acids Res., 18, 5433; and Wincott 
etal., 1995y Nucleic Acids Res. 23, 2677-2684 Wincott e/ a/., 1997^ Methods MoL Bio., 
74, 59. Such methods make use of common nucleic acid piotecting and coupling groups, 

10 such as dimethoxytrityl at the 5'-end, and phosphoramidites at the 3 -end. Ih a non- 
limiting example, small scale syntheses are conducted on a 394 Applied Biosystems, Inc. 
synthesizer using a 0.2 )xmol scale protocol with a 7.5 min coupling step for alkylsilyl 
protected nucleotides and a 2.5 min coupling step for 2'-0-methyiated nucleotides. 
Table I outlines the amoimts and the contact times of the reagents used in the synthesis 

15 cycle. Altematively, syntheses at the 0.2 pmol scale can be done on a 96-well plate 
sy]Qthesizer, such as the PG2100 instrument produced by Ptotogene (Palo/Alto, CA) with 
minimal modification to the cycle. A 33-fold excess (60 |xL of 0.1 1 M ^ 6.6 ^mol) of 2'- 

* 

O-methyl phosphoiamidite and a 75-fold excess of S-ethyl tetrazole (60 pXr of 0.25 M 
15 pmol) can be used in each coupling cycle of 2*-0-medxyl residues relative to polymer- 

20 bound 5'-hydroxyl. A 66-fold excess (120 }iL of 0.1 1 M 13.2 pmol) of alkylsilyl (ribo) 
protected phosphoramidite and a 150-fold excess of S-ethyl tetrazole (120 fxL of 0.25 M 
= 30 pmol) can be used in each coupling cycle of ribo residues relative to polymer-bound 
5'-hydroxyl. Average coupling yields on the 394 Applied Biosystems, inc. synthesizer, 
determined by colorimetric quantitation of the trityl firactions, are typically 97.5-99%. 

25 Other oligonucleotide syndiesis reagCT^ts for the 394 Applied Biosystems, Inc. synthesizer 
include; detritylation solution is 3% TCA in methylene chloride (ABI); capping is 
performed with 16% //-methyl imidazole in THF (ABI) and 10% acetic anhydride/10% 
2,6-lutidine in THF (AB^; oxidation solution is 16.9 mM I2, 49 mM pyridine, 9% water 

in THF (PERSEPTIVE™). . Buidick & Jackspn Synfliesis Grade aeetonitiile is used 
30 directly fix>m the reagent bottle. S-Ethyltetrazole solution (0J25 M in acetonifrile) is made 



« 
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up from the solid obtained from American Memational Chemical, Inc. Alternately, for 
the introduction of phosphorotibioate linkages, Beaucage reagmt (3H-l,2-Benzodithiol-3- 
one 1,1-dioxide 0,05 M in acetonitcile) is used 

Cleavage from &e solid support and deprotection of the oligoniicleotide is typically 

5 performed using either a two^pot or one-pot jjrotocol. For the two-pot protocol, 
polymer-boxmd trityl-on oligoiibonucleotide is transferred to a 4 mL glass screw top vial 
and suspended in a Solution of 40% aq. methylamine (1 mL) at 65 °C for 10 mm. After 
cooling to —20 ^'C, the supernatant is removed from flie polymer* support The siq)port is 
washed three times with 1.0 mL of EtOH:MeCN:H20/3:l:l, vortexed and the 

10 . supernatant is then added to the first supernatant The combined supematants, contaimng 
the oligoribonucleotide, are dried to a white powder. The baise depiotected 
oligoribonucleotide is resuspended in anhydrous TEA/HF/NMP solution (300 pL of a 
, solution of 1 .5 mL N-methylpyrrolidinone, 750 jiL TEA and 1 mL TEA*3HF to provide a 
1 .4 M HF concentration) and heated to 65 '^C. After 1.5 h, tihe oligomer is quenched wilh 

15 I.5MNH4HCO3. 

Alternatively, for the one-pot protocol, the polymer-bound trityl-on 
oligoribonucleotide is. transferred to a 4 mL glass screw top vial and suspended in a 
solution of 33% ethanolic methylamine/DMSO: 1/1 (0.8 mL) at 65''C for 15 min. The 
vial is brought to r.t TEA»3HF (0.1 mL) is added and the vial is heated at 65 **C for 15 
20 min. The sample is cooled at -20 **C and then quenched with 1.5 M NH4ia003. An 

alternative d^rotection cocktail for use in the one pot protocol comprises the use of 
aqueous methylamine (0.5 ml) at 65 ^C for 15 min followed by DMSO (0.8 nol) and 
TEA-3HF (0.3 ml) at 65® C for 15 min. A similar methodology can be employed wiA 96- 
well plate synthesis formats by using a Robbins Scientific Flex Chem block, in which the 

m 

25 reagents are added for cleavage and deprotection of the oligonucleotide. 

For anion exchange desalting of the depiotected oligomer, tiie TEAB solution is 

loaded onto a Qiagen 500® anion exchange cartridge (Qiagen hic.) that is prewashed 
with 50 mM TEAB (10 mL). After washing the loaded cartridge with 50 mM TEAB (10 
mL), the KNA is eluted with 2 M TEAB (1 0 mL) and dried down to a white powder. 
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For pimfication of flie trityl-on oligomers, the quenched NH4HCO3 solution is 
loaded onto a C-18 containing cartridge that had been prewashed with acetonitrile 

m 

followed by 50 mM TEAA. After washing the loaded cartridge wifli water, flie RNA is 
detritylated with 0.5%. TFA for 13 min. The cartridge is thm washed again with water 

. 5 salt exchanged with 1 M NaQ and washed with water again. The oHgonucleotide is then 
eluted wifli 30% acetonitrile. Altematiyely, for oligonucleotides synthesized in a 96-well . 
fonxiat; the crude tritylH3n oligonucleotide is purijSed using a 96-well solid phase 
extraction block packed with CI 8 material, on a Bahdan Automation workstation. 

The average stepwise coiq>ling yields are typically >98% (Wincott et al, 1995 

10 Nucleic Acids Res. 23,2677-2684), Those of ordinary sldll in the art will recognize that 
the scale of synthesis can .be adapted as largCT or smaller than the example described 
above including but not limited to 96 well format, all that is important is the ratio of 

■ 

chemicals used in the reaction. 

To ensure the quality of synthesis of nucleic acid molecules of the invention, 

15 quahty control measures are utilized for the analysis of nucleic acid niat^ial. Capillary 
Gel Electrophoresis, for example using a Beckman MDQ CGE instrumoit, can be ulitized 
for n^id analysis of nucleic acid molecules, by introducing sample on the short end of the 
capillary. In addition, mass spectrometiy, for example using a PE Biosystems Voyager- 
DE MALDI instrument, in combination with the Bohdan workstation, can be utilized in 

20 the analysis of oligonucleotides, including ohgonucleotides synthesized in the 96-well 
format. 

The nucleic acids of the invention can also be synthesized in two parts and ^TiTiftaift^ . 
to reconstruct the nucleic add sensor molecules (Chowrira and Buike, 1992 Nucleic 
Acids Res.; 20, 2835-2840). The nucleic acids are also synthesized. CDzymatically usii^ a 
25 variety of methods kno'wn in the art, for example as described in Havlina, Ihtemational 
PCX publication No. W6 9967413, or fiom DNA templates using bacterioph^e T7 RNA 
polymerase (Milligan and UhlCTbeck, 1989, Methods Enzymol. 180, 51). Oflier methods 
of enzymatic synthesis of the nuclac acid molecules of the invention are generally 
described in Kim et cd., 1995, Bioteckniques, 18, 992; Hofi&nan et al, 1994, 
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Biotechniques, 17, 372; Cazenare et al., 1994, PNAS USA, 91, 6972; Hyman, US Patent 
No. 5,436,143; and Kaipeisl^ et aL, Intemalional PCT publication No. WO 98/28317) 

Alternatively^ the nucleic acid molecules of the piesent invention can be 

■ * 

synthesized sq)arately and joined together post-synthetically, for example by ligation 
5 (Moore et aL. 1992, Science 256, 5923; Draper et aL, latemational PCT publication No. 
WO 93/23569; Shabaiova et aL, 1991, Nucleic Adds Research 19, 4247; Bellon et aL, 
1997, Nucleosides & Nucleotides, 16, 951; Bellon et aL. 1997, Bioconjugate (Chem. 8, 
204). 

The nucleic acid molecules of the present invention are preferably modified to 
10 enhance stability by modification with nuclease resistant groups, for example, 2'-amino, 

■ 

2'-C-all^ 2'-flouio, 2'-0-methyl, 2'-H (for a review see Usman and Cedergreo, 1992, 
IWS 17, 34; Usman et aL, 1994, Nucleic Adds Symp. Ser. 31, 163). Nucleic acid sensor 

molecules are purified by gel electrophoresis using Icnown inethods or are purified by 

« 

high pressure liquid chromatography (HPLC; See Wincott et al., Supra, the totality of 
15 which is hereby incorporated herein by reference) and are re-suspended in water. 

OptinriiTiTi g nucleic acid rriolecule activity 

• - -• • 

Synlihesizing nucleic acid molecules with modifications (base, sugar and/or 

phosphate) that prevent their degradation by s^iun ribonucleases can increase thdr 

potency (see e.g., Eckstein et al., Inteniational Publication No. WO92/0706S; Perrault et. 

20 al.i 1990 Nature 344, 565; Pieken et aL, 1991, Sdence 253, 314; Usman and Cedergren, 

1992, Trends in Biochem. Sd. 17, 334; Usman et aL, International Publication No. 

W093/15187: Rossi et aL. Ihtemational PubUcation No. WO 91/03162; Sproat, US 

■ 

Patent No. 5,334,711; and Burgia et aL, stq>ra\ all of these describe various chemical 

• • • 

modifications that can be made to the base, phosphate and/or sugar moieties of the 
25 nucleic acid molecules described herein. All these references are incorporated by 
reference herem. Modifications which enhance their ef&cacy in cells, and removal' of 
. bases fiom nucleic acid molecules to shorten oligonucleotide synthesis times and reduce 
chemical requirements are preferably desired. 
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' ' ' * * • 

There are several exan^les in fhe art describing sugar, base and phosphate 
modifications that can be introduced into nucleic acid molecules with significant 
enhancement in tibeir nuclease stability and efScacy; For example, oligonucleotides are 
modified to enhance stability and/or enhance, biological activity by modification with 
5 nuclease resistant groups, for example, 2 -amino, 2 -C-allyi, 2 -flpuro, 2 -C^methyl, 2 -H, 
nucleotide base modifications (for a review see Usman and Cedergren, 1992, TIBS. 17, 
34; Usman et al., 1994, Nucleic Acids Symp. Ser. 31, 163; Buigin et aL, 1996, 
Biochemistry , 35, 14090). Su^r modifications of nucleic acid molecules have been 
extensively described in fhe art (see Eckstein et al.. International Publication VCT No. 

10 WO 92/07065; Penault et al Nature, 1990, 344, 565-568; Pieken a// Science, 1991, 
253, 314-317; Usman and Cedergren, Trends in Biochem. Sd. , 1992, 17, 334-339; 
Usman era/. International Publication PCT No. WO 93/15187; Sproat, US Patent No. 
5,334,711 and Beigelman et al, 1995, J. Biol Chem.. 270, 25702; Bdgdman et aL, 
Intematioiial PCX pviblication No. WO 97/26270; Beigelman et aL, US Patent No. 

15 5,716,824; Usman et al., US patoxt No. 5,627,053; Woolf et aL, Ihtetnational PCT 
Publication No. WO 98/13526; Thompson et al., USSN-60/082,404 winch was filed on 
April 20, 1998; Kaipeisky et aL, 1998, Tetrahedron Lett., 39, 1131;'Eamsihaw and Gait, 
1998, Biopolymers (Nucleic acid Sciences). 48, 39-55; Venna and EckstdLn, 1998, Armu. 
Rev. Biochem., 67, 99-134; and Burlina et al., 1997, Bioorg. Med. Chem., 5, 1999-2010; 

.20 . all of the references are hereby incorporated by referrace hierein in their totalities). Such 
publications describe: general methods and strategies to detecxnine the location of 
incorporation of sugar, base and/or phosphate modifications and fhe like into nucleic acid 
sensor molecule molecules without inhibiting catalysis. In view of such teachiiigs, 
similar modifications can be used as described herein to modify the nucleic acid 

25 molecules of the instant invention. 

While chemical modification of oligonucleotide intemucleotide linkages with 

• ■ ■ 

phosphorothioate, phosphorpftioate, and/or 5'-methylphosphonate linkages improves 
stability, many of these modifications can cause some toxicity. Therefne when designing 
nucleic acid molecules the amount of these intemucleotide linkages should be minimized. 
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The reduction in the concentration of these linkages should lower toxicity resulting in 
increased efBcacy and higher specificity of these niolecules. 

Nucleic acid molecules having chemical modifications which maintain or enhance 
activity are jprovided. Such nucleic acid is also generally more resistant to nucleases than 
immodified nucleic acid. Thus, in the presence of biological fluids, or in cells, the 
activity can not be significantly lowered. Clearly, nucleic acid molecules must be 
resistant to nucleases in order to function as effective diagnostic agents, whether utilized 
in vitro aad/or in vivo. Jmpravanents in the s^oithesis of KNA and DNA (Wincott ei aL, 
1995 Nucleic Acids Res. 23, 2677; Carufhers et al., 1992, Methods in Enzymology 21 1,3- 
19; Kaipeisky et al.. Intemational PCT publication No. WO 98/28317) (incoipoiated by 
refermce herein) have expanded the ability to modify nucleic acid molecules by 
introducing nucleotide modifications to chance their nuclease stability as described 

r 

above. 

In another aspect the nucleic acid molecules comprise a 5' and/or a 3*- cap 
structure. 

« 

In one embodiment Ihe invention features modified nucleic acid molecules with 
phosphate backbone modifications comprising one or more phosphorothioate, 
phosphorodithioate, methylphosphonate, morpholino, amidate caibamate, carboxymethyl, 
acetamidate, polyamide, sulfonate, sulfonamide, sulfamate, formiacetal, thiofoimacetal, 

4 • 

. and/or aUcylsilyl, substitutions. For a review of oUgonucleotide bacld^one modifications 
see Hunzdker and Leurnann, 1995^ Nucleic Acid Analogues: Synthesis and Properties, in 
Modem Synthetic Methods, VCH, 331-417, and Mesmaeker et aL, 1994, Novel Backbone 
R^lacements for- Oligonucleotides, in Carbohydrate Modifications in Antisense 
Research, ACS, 24-39. These references are hereby incorporated by reference herein; 

In connection with 2%modified nucleotides as described for flxe pr^ent invention, 
by "amino" is meant 2*-NH2 or 2*^0- NH2, which can be modified or unmodified. Such 
modified groups are described, for example, in Eckstein et al., U.S. Patent 5,672,695 and 
Elaipeisky et al, WO 98/28317, respectively, which are both incotpoiated by reference 
herein in thdr entireties. 
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Various modifications to nucleic acid (e.g., nucleic acid sensor molecule) structure 
can be made to enhance the utility of these molecules. Such modifications enhance shelf- 
life, half-life in vitro, stability, and ease of introduction of such oligonucleotides to the 
target site, e.g., to enhance penetration of cellular membranes, and confer the ability to 
5 recognize and bind to taigeted cells. 

Administration of Nucleic Acid Molecules 

• ' • • • 

Methods for the delivery of nucleic acid molecules are described in Akhtar et al. 
1992, Trends Cell Bio., 2, 139; and Delivery Strategies for Antisense Oligonucleotide 
Theiapeuticis, ed, Akhtar, 1995, which are bofli incorporated herein by reference. 

10 SulUvan et al, PCX WO 94/02595, further describes the general methods for delivery of 
enzymatic RNA molecules. These protocols can be utilized for the delivery of virtually 
any nucleic acid molecule. Nucleic acid molecules can be administered to cells by a 
variety of methods known to those familiar to the art, including, but not restricted to, 
encapsulation in liposomes, by iontophoresis, or by incorporation into pthor vehicles, 

15 such as hydrogels, cyclodextrins, biodegradable nanocapsules, and bioadhesive 
microspheres. Alternatively, the nucleic acid/vehicle combination is locally delivered by 
direct injection or by use of an infusion piunp. Other routes of delivery include, but are 
not limited to oral (tablet or pill form) and/or intrathecal delivery (Gold, 1997, 
Neuroscience, 76, 1 153-1 158). Other approaches include the use of various transport and 

20 carrier systems, for example though the use of conjugates and biodegradable polymers. 
For a comprehensive review on drug deliv«y strategies including CNS delivery, see Ho 
et aL. 1999, Curr. Opin; Mol Ther.. 1, 336-343 and lam^ Drug Delivexy Systems: 
Technologies and Cominercial Oppoxtunities, Decision Resomces, 1998 and Gioothuis et 
cH., 1997, J. NeuroVirol. 3, 387-400. More detailed descrq>1ions of nucldic acid deUvay 

25 and adnunistration are provided in SuUivan et aL, sapoL, 'Dxagcx et al., PCT 
W093/23569, Bdgelman et al, PCT WO99/05094, and Klimuk et al., fCT 
WO99/048 1 9, all of which are incorporated by refoence herein. 

The molecules of &e instant invention can be used as pharmaceutical agents. 
Pharmaceutical agents prevent, inhibit the occurrence, or treat (alleviate a symptom to ' 

30 some extent, preferably all of the symptoms) of a disease state in a subject. 
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The negatively charged polynucleotides of the invention can be administered (e,g., 
RNA, DNA or protein) and introduced into a subject by any standard means, with or 
without stabilizers, buffers, and the like, to form a pharmaceutical composition. When it 
is desired to use a liposome delivery mechanism, standard protocols for formation of 
5 liposomes can be followed. The compositions of the present invention can also be 
formulated and used as tablets, capsules or elixirs for oral administration; suppositories 
for rectal administration; sterile solutions; suspensions for injectable administration; and 
the other compositions known in the art 

The present invention also includes pharmaceutically acceptable formulations of 
10 . the compounds described. These formulations include salts of the above coinpounds, 
e.g., acid addition salts, for example, salts of hydrochloric, hydrobromic, acetic acid, and 
benzene sulfouic acid. 

A pharmacological composition or formulation refers to a composition or 
formulation in a form suitable for administration, e.g., systemic administration, into a cell 
15 or subject, preferably a human. Suitable forms, in part, deprad upon the use or the route 
of entry, for example oral, transdomal, or by injection. Such forms shoidd not prevent the 
composition or formulation £rom reaching a target cell (i.e., a. cell to which the negatively 
charged polymer is desired to be delivered to). For ^cample, pharmacological 
compositions injected into the blood stream should be soluble. Other factors are known 

20 in the art, and include considerations such as toxicity and forms which prevent the 

• 

composition or formulation finom exerting its effect 

By "systemic administration" is meant in vivo systemic absorption or accumulation 
of drugs in the blood stream followed by distribution throughout the CTtire body. 
Administration routes which lead to 'systemic absorption include, without limitations: 

25 intravenous, subcutaneous, intmperitoneal, inhalation, oral, intrapulmonary and 
intramuscular. Each of these administration routes expose the desired negatively charged 
polymers, e.g., nucleic acids, to an accessible diseased tissue. The rate of entry of a dmg 
into the circulation has been shown to be a function of molecular wei^t or size. The use 
of a liposome or other drug carrier comprising the compouuds of the instant invention can 

30 potentially localize the drug, for example, in certain tissue types, such as the tissues of the 
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reticular endothelial system (RES). A liposome fomidation which can &cilitate the 
association of drug with the surface of cells, such l>aiq)hocytes and macrophages is 
also use&l. This approach can provide enhanced deliveity of the drug to taiget cells by 
taking advantage of fee specificity of macrophage and lynq>hocyte icomune recognition of 
abnoimal cells^ such as cancer cells. 

By pharmaceutically acceptable formiilation is meanly a composition or 
formulation that allows for the effective distribution of ttie nucleic acid molecules of the 
instant invention in the physical location most suitable for Aeir d^ired activity. Non- 
limiting exan^les of agents suitable for formulation with the nucleic acid molecules of 
the instant invention include: PEG conjugated nucleic acids, phospholipid conjugated 
nucleic acids, nucleic adds containing lipc^hilic moieties, phosphorothioates, P- 
glycoprotein inhibitors (such as Pluronic P85) which can enhance entry of drugs into 
various tissues, for exaple the CNS (Jolliet-Riant and Tillement, 1999, Fundam. Oin. 
Pharmacol, 13, 16-26); biod^radable polymers, sudi as poly (DL-lactide-coglycolide) 
microspheres fot sustained release delivciy after implantation (&nerich, DF et al, 1999, 
Cell transplant. 8, 47-58) Alkermes, Inc. Cambridge, MA; and loaded nanopartides, 
such as those made of polybutylcyanoaciylate, which can deliva drugs aax>ss tiie blood 
brain barrier and can altCT neuronal uptake mechanisms (Prog Neuropsychopharmacol 
Biol Psychiatry, 23, 941-949, 1999). Other non-limiting examples of deUvray strategies, 
including CNfS delivery of tixe nuddc add molecules of the instant invention include 
material described in Boado et al.. 1998, J. Pharm. ScL. 87, 1308-1315; Tyler et al.. 
1999, FEBS Lett.. 421, 280-284; Pardridge et al.. 1995, PNAS USA.. 92, 55^-5596; 
Boado, 1995, Adv. Drug Delivery Rev.. 15, 73-107; Aldrian-Herrada er a/.. 199%, Nucleic 
Acids Res.. 26, 4910-4916; and Tyler et al. 1999, PNAS USA.. 96, 7053-7058. All these 
references are hereby incoiporated herein by reference. 

The invCTtion also features the use of the composition comprising surface-modijBed 
liposomes containing poly (ethylene glycol) lipids (PEG-modified, or long-circulating 
liposomes or stealth liposomes), . Nucleic acid molecules of the invention can also 
comprise covalenfly attached PEG molecules of various molecular wei^ts. These 
formulations ofBar a method for increasing the accumulation of drugs in taiget tissues. 
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This class of drug cameis resists opsonization and elimination by the mononuclear 
phagocytic system (MPS or R£S), thereby ^labling longer blood circulation times and. 
enhanced tissue exposure for the encapsulated drug (Lasic et aL Chem. Rev. 199S, 95, 
2601-2627; Ishiwata et al., Chenu Pharm. Bull. 1995, 43, 1005-1011). Such liposomes 
. 5 have been shown to accumulate selectively in tumors, presumably by extravasation and 
capture in the neovascularized target tissues (Lasic et aL, Science 1995, 267, 1275-1276; 

• • • 

Oka et a/., 1995, Biochim. Biophys. Ada, 1238, 86-90). The long-circulating liposomes 
enhance the phaimacokihetics and phannacodynamics of DNA and KNA, particularly 
compared to convrational cationic liposomes which are known to accumulate in tissues 

10 of the MPS C^iu et al., Jl Biol. Chem. 1995, 42, 24864-24870; C3ioi et al, Jbitemational 
per Publication No. WO 96/10391; Ansell et al.. International PCX Publication No. WO 
96/10390; Holland ei al.. International PCT PubUcation No. WO 96/10392; all of which 
are incoiporated by reference herein). Long-cixculating liposomes are also likely to 
protect drugs firom nuclease degradation to a greater extent compared .to cationic 

IS liposomes, based on their ability to avoid accumulation in metabolically aggressive MPS. 
tissues such as the liver and spleen; All of these references are incorporated by reference 
herein. 

The present invention also includes compositions prepared for storage or 
administration which include a pharmaceutically effective amount of tiie desired 
20 compounds in a pharmaceutically . acceptable carrier or diluent Acceptable carriers or 
diluents for therapeutic use are well known in the pharmaceutical art, and are described, 

- • 

for example, in Reitnington*s Pharmaceutical Sciences, Mack Publishing Co. (AJEL 
Gennarp edit 1985) hereby incorporated by reference herein. For example, pies^vatives, 
stabilizers, dyes and flavoring agents can be provided. Tliese include sodium ben2X>ate, 
25 sorbic acid and esteis of p-hydroxybenzoic acid. In addition, antioxidants and suspending 
agents can be used. 

A pharmaceutically effective dose is that dose required to prevent, inhibit the 
occurrence, or treat (alleviate a symptom to some extent, preferably all of the synq>toms) 
of a disease state. The pharmaceutically effective dose dep^ids on the tjpe of disease, 
30 the composition used, the route of administration, the type of mammal being tr^ted, the 
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physical characteristics of the specific mammal under CQiisideratioii» concuixent 
. medication^ and other Actors which those skilled in the medical arts will recognize. 
Generally, an amount between . 0.1 mg/kg and 100 mg/kg body weight/day of active 
ingredients is administered dependent upon potency of the negatively charged polymer. 
5 The nucleic acid molecules of the invention and formulations thereof can be 

administered orally, topically, parenterally, by inhalation or spray or rectally in dosage 
unit formulations containing conventional non*toxic pharmaceutically acceptable carriers, 
adjuvants and vehicles. The temi parenteral as used herein includes p^utaneous, 

♦ 

J- 

subcutaneous, intravascular (e.g., intravenous), intramuscular, or intrathecal injection or : 
10 infusion techmques and the like. In addition, thm. is im>vided a pharmaceutical 
formulation comprising a nucleic acid molecule of the invention and a pharmaceutically 
acceptable carrier. One or more nucleic acid molecules of the invention can be present in 
association with one or more non-toxic pharmaceutically acceptable carriers and/or 
diluents and/or adjuvants, and if desired other active ingredients. The pharmaceutical 
IS conxpositions containing nucleic acid molecules of the invention can be in a form sidtable 
for oral use,' for example,, as tablets, troches, lozenges,, aqueous or oily suspensions, 
dispersible powders or granules, emulsion, hard or soft capsules, or syrups or elixirs. 

Compositions intended for oral use can be prepared according to any method 
known to the art for the manufacture of pharmaceutical compositions and such 
20 compositions can contain one or more such sweetening agents, flavoring agents, coloring / 
agents or preservative agents in order to provide phiarmaceutically elegant and palatable 
preparations. Tablets contain the active ingredient in admixture with non-toxic 
pharmaceutically acceptable excipients that are suitable for tiie manufacture of tablets. 
These excipients can be for example, inert diluents, such as calciiun carbonate, sodium 

• ■ * • 

25 carbonate, lactose, calcium phosphate or sodium phosphate; granulating and 
disinte^grating agents, for example, com starch, or alginic acid; binding agents, for 
example starch, gelatin or acacia, and lubricating agents, for example magnesium 
stearate, stearic acid or talc. The tablets can be uncoated or they can be coated by known 
techniques. In some cases such coatings can be prepared by known techniques to delay 

30 disintegration and absorption in the gastrointestinal tract and thereby provide a sustained 
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action over . a longer p^od. For example, a time delay material such as glyceryl 

• * • 

monosterate or glyceryl distearate can be employed* 

Formulations for oral use can also be presented as bard gelatin capsules wherein the 
active ingredient is mixed with an inert solid diluent, for example, calcium carbonate, 
5 calcium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is 
mixed with water or an oil medium, for example peanut oil, liquid parafBn or olive oil. 

Aqueous susprasions contain flie active materials in admixture wifli excipients 
suitable for the manu&ctmre of aqueous suspensions. Such excipients are suspending ' 
agents, for example sodimn cafboxymethylcellulose, methylcellulose, hydropropyl- 

10 methylcellulose, sodiimoi alginate, polyvinylpyrrohdone, gmn tragacanlh and gum acacia; 
dispersing or wetting agents can be a naturally-occurring phosphatide, for example, 
lecithin, or condensation products of an alkylene oxide with fktty acids, for example 
polyoxyethylene stearate, or condCTsation products of ethylene oxide with long chain 
aliphatic alcohols, for example heptadecaethyleneoxycetanol, or condoisation products of 

15 ethylene oxide with partial esters derived from fetty acids and a hexitol such as 
polyoxyethylene sorbitol monooleate, or condensation products of ethylene oxide with 
partial esters derived from fatty acids and hexitol anhydrides, for example polyethylene 
sorbitan monooleate. The aqueous suspensions can also contain one or more 
preservatives, for example efliyl, or n-propyl p-hydroxybenzoate, one or more coloring 

20 agents, one or more flavoring agents, and one or more sweetening agents, such as sucrose 

* 

or saccharin. 

Oily .suspensions can be formulated by suspending the active ix^rediei^ in a 
vegetable oil, for exanq>le arachis oil, olive oil, sesame oil or coconut oil, or in a mineral 
oil such as liquid parafSzL The oily susp^isions can contain a thickening agent, for 
25 exanq)le beeswax, hard paraflBn or cetyl alcohol. Sweetening agents and flavoring agents 
can be added to provide palatable oral preparations. These compositions can be 
preserved by the addition of an anti-oxidant such as ascorbic acid. ' 

Dispersible powd^ and granules suitable for preparation of an aqueous suspension * 
by the addition of water provide the active ingredient in admixture with a dispersing or 
30 wetting agent, suspending agent and one or more preservatives. Suitable disposing or 



wo 03/089650 PCTAJS02/35529 

• * 

81 

■ 

wetting agents or suspending agents are exemplified by those already, mentioned above. 
Additional excipients, for example sweetening, flavoring and coloring agents, can also be 

i 

presenL • ^ 

Fharinaceutical compositions of the invention can also be in the fotm of oil-in- 

• ■ 

5 water emulsions. The oily phase.can be a vegetable oil or a mineral oil or mixtures of 
these. Suitable emulsifying agents can be naturally-occurring gums, for exanq>le gum 
acacia or gum tragacantib, naturaUy-occuiring phosphatides, for example soy bean, 
lecithin, and est^ or partial esters doived from fatfy acids and hexitol, anhydrides, for 
example sorbitan monooleate, and condensation products of the said partial esters with 

\0 ethylene oxide, for example polyoxyethylene sorbitan monooleate. The emulsions can 
a,lso contain sweetening and flavoring agents. _ 

Syrups and elixirs can be formulated wifli sweetening agents, tot e^cample glycerol, 
propylene glycol, sorbitol, glucose or sucrose. Such formulations can also contain a 
demulcent, a preservative and flavoring and coloring agents. The pharmaceutical 

15 compositions can be in the form of a st^ile injectable aqueous or oleaginous suspension. 
This suspension can be formulated according to the known art using those suitable 
dispersing or wetting agents and suspending stents that have been mentioned above. The 
sterile injectable preparation can also be a sterile injectable solution or suspension in a 
non-toxic, parentally acc^table diluent or solvent for example as a solution in 1,3- 

20 butanediol. Among the acceptable velucles and solvents that can be employed are water. 
Ringer's solution and isotonic sodium chloride solution. In addition^ sterile, fixed oils are 
conventioBally employed as a solvoit or suspending medium^ For this purpose any bland 
fixed oil can be employed including synthetic mono-or digilycerides. In addition, &tty 
acids such as oleic acid find use in the preparation of injectables. * 

25 The nucleic acid molecules of the invention can also be administered in the form of 

suppositories, e.g., for rectal administration of the drug. These compositions can be 
prepare! by mixing the drug with a* suitable non-irritating excipioit that is solid at 
ordinary temperatures but liquid at the rectal temperature and will therefore melt in the 
rectum to release the drug. Such materials include cocoa butter and polyethylene glycols. 
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on can be admiidstered paientetally 
diicle and concentration used, cai 



suspended or dissolved in the vehicle. Advantageously, adjuvants siich as local 
anesthetics, preservatives and buffering agents can be dissolved in the vehicle. 

5 Dosage levels of the order of fiom about 0.1 mg to about 140 mg per kilogram of 

body weight per day are useful in the treatment of the above-indicated conditions (about 
6.5 mg to about 7 g pea: subject per day). The amount of active ingredient fliat can be 
combined with the carrier materials to produce a single dosage form varies depending 
upon the host treated and the particular mode of administration. Dosage unit forms 

10 genCTally contain between from about 1 mg to about 500 mg of an active ingredient 

It is understood that the specific dose level for any particular subject depends vpon 
^, variety of factors including the activity of the specific compound «iq>loyed, the age, 
body weight, general health, sex, diet, time of administration, route of administration, and 
rate of excretion, drug combination and the severity of the particular disease undeagoing 

15 thCTapy. 

For administration to non-human animals, the composition can also be added to flie 
animal feed or drinking water. It can be convenient to formulate the annnal feed and 
drinking water compositions so that ibe annnal takes in a therapeutically appropriate 
quantity of the composition along with its diet It can also be conveniCTt to present the 
20 composition as a premix for addition to flie feed or d rinking water. 

The nucleic acid molecules of the present invention can also be administered to a 
subject in combination with other therapeutic compounds to increase the overall 
therapeutic effect The use of multiple compounds to treat a^ indication can increase the 
beneficial effects while reducing the presence of side effects. 
25 Alternatively, certain of the nucleic acid molecules of the mstant invmtion can be 

expressed within cells from eukaryotic promotes Izant and Weintraub, 1985, 

Science, 229, 345; McGarry and lindquist, 1986, Proa Natl Acad. 5ci., USA 83^ 399; 
Scanlon et aU 1991, Proc. Natl Acad. ScL USA, 88, 10591-5; Kashani^abet ^ a/., 
1992, Antisejtse Res. Dev., 2, 3-15; DropuKc et al, 1992, J. ViroL. 66, 1432-41; 
30 Weerasinghe et al... 1991, J. Tirol, 65, 55314; Qjwang et al.. 1992, Proc. Nad. Acad. 
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ScL USA, 89. 10802-6; Chea et al. 1992, Nucleic Adds Res., 20. 4581-9: Saxver etdL 
1990 Science. 247. 1222-1225; Thompson et al, 1995, Nucleic Adds Res., 23, 2259; 
Good d al., 1997, Gene Therapy, 4, 4,5; Skfllem d aL. Ihtematioiial PCT Publication No. 
WO 00/22113; Conrad, Intemational PCT Publication No. WO 00/22114; and Conrad, 
5 US 6,054,299; all of these references are hereby incoiporated in their totalities by 
reference herein). Those skilled in the art realize that any nucleic acid can be expressed 
in eukaryotic cells &om flie apprc^riate DNA/RNA vector. The activity of such nucleic 
acids can be augmeaoted by their release from Hie primary transcript by a enzymatic 
iiudeic acid 0>iapc£ d al.. PCX WO 93^3569, and SulKvan d al., PCT WO 94/02595; 
10 Obkawa d aL, 1992, Nucleic Adds Symp. Ser., 27, 15-6; Taira d al., 1991, Nucldc 

* • 

. Adds Res., 19, 5 125-30; Ventura d al, 1993, Nucldc Adds Res., 21, 3249-55; Chowrira 
et al., 1994, J. Biol. Chem., 269, 25856; all of these refCTences are hereby incorporated in 
their totalities by reference herein). Gene Iherqpy approaches specific to Ifae CNS are 
described by Blesch d al, 2000, Drug News Persped., 13, 269-280; Peterson d aL, 
15 2000, Cent. Nerv. Syst Dis., 485-508; Peel and Klein, 2000, J. Neurosd. Methods, 98, 
95-104; Hagihara d al., 2000, Gene Ther., 7, 759-763; and Herrlinger et al, 2000, 
Methods MoL Med., 35, 287-312. AAV-mediated delivery of nuclric acid to cells of tbe 

• ' . ■ - ■** 

nervous system is further described by Kaplitt et al., US 6,180,613. 

In another aspect of the invention, nucleic aci4 molecxiles of the present invention 
20 are preferably expressed from transcription units (see for example Couture ei al., 1996, 
. HG., 12, 510, SkiUem et oL, Intemational PCT Publication No. WO 00/22113, Conrad, 
hitemational PCT Publication No. WO 00/22114, and Conrad, US 6,054,299) inserted 
into DNA or RNA vectors. The recombinant vectors are preferably DNA plasmids or 
viral vectors. Ribozyme expressing viral vectors can be constructed based on, but not 
• 25 limited to, adeao-associated virus, retrovirus, adenovirus, or alphavirus. Preferably, the 
recombinant vectors capable of expressing the nucleic acid molecules are delivered as 
described above, and persist in target cells. Alternatively, viral vectors can be used that 
provide for transient expression of nucleic acid molecules. Such vectors can be 
repeatedly administCTed as necessary. Once expressed, flie nucleic acid molecule binds to 
30 the target mRNA. Deliv^y of nucleic acid molecule expressing vectors <^ be systemic. 
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such as by intravenous or intra-muscular administration, by administration to target cells 
ex-planted fixm the subject followed by reintroduction into the subject, or by any other 
means that would allow for introduction into the desired target cell (for a review see 
Couture et al., 1996, JIG., 12, 510). 
5 Ih one aspect the invention features an expression vector comprising a nucleic acid 

sequence encoding at least one of the nucleic acid molecules of the instant invention is 
disclosed. The nucleic acid sequence encoding the nucleic acid molecule of the instant 
invention is operabte linked in a manner which allows expression of that nucleic acid 
molectile* 

10 In another aspect die invention features an expression vector comprising: a) a 

transcription initiation region (e.g., eukaryotic pol I, II or m initiation region); b) a 
transcription temiination region (e.g., eukaryotic pol I, IE or m termination region); c) a 
nucleic acid sequence encoding at least one of the nudeic acid catalyst of the instant 
mvention; and wherein said sequence is operably linked to said initiation region and said 

15 termination region, in a manner which allqws expression and/or dehveiy of said nucleic 
acid molecule. The vector can optionally include an open reading frame (ORF) for a 
protein operably linked on the 5' side or the 3 -side of the sequence encoding the nucleic 
acid catalyst of the invention; and/or an intron (intervening sequences). 

Transcription of the nucleic acid molecule sequences are driven &om a promoter 

20 for eukaryotic RNA polymerase I (pol 1), RNA polymerase II (pol U), or RNA 
polymerase HI (pol HI). Transcripts fix>m pol n or pol HI promoters are expressed at high 
levels in all cells; the levels of a .given pol II promoter in a given cell type depends on the 
nature of the gene regulatory sequences (enhancers, silencers, etc.) present nearby. 

* 

Prokaryotic RNA polymerase promoters are also used, providing that the prokaryotic 
25 RNA polymerase enzyme is expressed in the appropriate cells ^Iroy-Stein and Moss, 
. 1990, Proc. NatL Acad Sci, USA, 87, 6743-7; Gao and Huang 1993, Nucleic Acids 
Res.., 21, 2867-72; lidjer et aL. 1993, Methods Enzymol. 217, 47-66; Zhou c* a/., 
1990, Mol Cell. Biol., 10, 4529-37). All of these referraices are inccnporated by zefeience 
herdn. Several investigators have dranonstrated tiiat nucleic acid molecules, such as 
30 ribozymes expressed fiom such promote can function in TnamTTialigri cells (e.g. 
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Kashani-Sabet et aL, 1992, Antisense Res. Dev., 2, 3-15; Ojwang et al, 1992, Proc 
NatL AcofLScL USA, 89, 10802-6; Chen et aL, 1992, Nucleic Acids Res., 20, 4581-9; 

■ 

Yu et al. 1993, Proc. Nail Acad. ScL US A, 90, 6340-4; L'Huillier et al., 1992, EMBO 
J., 11, 4411-8; lisziewicz et aL. 1993, Proc. NatL Acad. ScL .U. S. A, 90, 8000-4; 
Thompson et aL, 1995, Nucleic Acids Res., 23, 2259; SuUenger & Cech, 1993, Science, 
262, 1566;. all of these references are incorpoiated by reference herein). More 
specifically, transcr^tion units such as the ones doived &om genes' encoding U6 anall 
nuclear (snKNA), transfer KNA (tiRNA) and adenovirus VA KNA are useful in 
generating high concentratiohs of desired RNA molecules such as ribozymes in cells 
(Thompson et al., supra\ Couture and Stinchcomb, 1996, supra\ Noonbeig et aL, 1994, 
Nucleic Add Res., 22, 2830; l^oonberg et al.. US Patent No. 5,624,803; Good et al., 

" * • 

1997, Gene Ther., 4, 45; Beigelman et aL, hiternationial PCT Publication No. WO 
96/18736; all of these publications are incorporated by reference herein. The above 

■ ■ 

ribozyme transcription units can be incorporated into a variety of vectors for introduction 
into mammalian cells, including but not restricted to, plasmid DNA vectors, viral DNA 
vectors* (such as adenovirus or admo-associated vims vectors), or viral KNA vectors 
(such as retroviral or alpbavirus vectors) (for a review see Couture and Stinchcomb 
1996, supra). 

■ 

la another aspect the invention feature an expression vector comprising nucleic 
acid sequence' encoding at least one of the nucleic acid molecules of the invention, in a 
maamer which allows expression of that nucleic acid molecule.. The expression vector 
comprises in one onbodimen^ a) a transcription initiation region; b) a transcription 
termination region; c) a nucleic acid sequence encoding at least one said nud^c acid 
molecule; and wherem said sequence is operably linked to said initiation r^on and said 
termination region, in a manner which allows expression and/or delivery of said nucleic 
acid molecule. 

In another embodiment the expression vector comprises: a) a transcription initiation 

• * 

region; b) a transcrq)tion termination region; c) an open reading frame; d) a nucleic acid 
sequCTce encoding at least one said nucleic acid molecule, wherein said sequence is 
operably linked to the S-end of said open reading frame; and herein said sequence is 
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operably linked to said imtiation region, said open reading firame and said termiDation 
region, in a manner which allows expression and/or delivery of said nucleic acid 
molecule. In yet another embodiment the e^qpression vector comprises: a) a transcription 
initiation region; b) a transcription temiination region; c) an intron; d) a nucleic acid 

5 , sequence encoding at least one said nucleic acid molecule; and wherein said sequence is 
operably linked to said initiation region, said intron and said termination region, in a 
manner which allows expression and/or delivery of said nucleic acid molecule. 

in another embodiment, the expression vector comprises: a) a transcription 
initiation region; b) a transcription termination region; c) an intron; d) an open reading 

10 &ame; e) a nucleic acid sequence encoding at least one said nucl^c acid molecule, 
wherein said sequence is operably linked to the 3*-end of said open reading fiame; and 
wherein said sequence is operably linked to said initiation region, said intron, said open 
reading frame and said termination region, in a manner which allows expreission and/or 
deliv^y of said nucldc acid molecide. 

IS ExampliBS - 

The following are non-limiting examples showing techniques usefiil in isolating 

■ 

nucleic acid molecules of the instant invention. 

Example 1: Half-z inTymft nucleic acid sensor molecule (Halfevme) 

Applicant has developed a gmeralizable methodology for the production of nucleic 
20 acid sensor molecules that are activated by target nucleic acids. This technology is based 
on enzymatic nucleic acids that, in the absence of a target nucleic acid, are catalytically 
inactive because they lack portions of the catalytic core and substrate recognition 
. elements, hi this 'half-ribozyme' or *halfzyme' system, catalysis can occur if. a specific 
target nucleic acid supplies the sequences required for catalysis in trans. 

25 Although many enzymatic nucldc acid moti& can be used for die hal&yme 

strategy, one system uses the Zinzyme motif (Figure 3) in which tiie substete nucleic 
acid is attached to the enzymatic nucleic acid. This motif is small (about 32 nucleotides), 
carries modifications that confer a half-life ia serum of greater than 100 hours, and has 
minimal target sequence requixements (5'-N3-RG-N3r3*, where N= any nucleotide and 
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* • * , 

R= A or G). Thus, this motif is readily synthesized, has the ability to detect different 

■ 

* sequences, and can be used directly in serum or other biological fluids. 

■ « 

Applicant has tested the feasibility of the halfeyme approach using flie Zinzyme 
motif and fee Hepatitis C Virus genome as a model target A synthetic 
5 oligoribonucleotide representing loop TTTB of the 5* untranslated region (UTR), a 
univisrsally conserved region of the HCV genome, activates catalysis of . a rationally 
designed, sequence matched hal&yme. In the absmce of oligoribonucleotide taig^ no 
nucleic acid sensor molecule activity is detected. Other regions of the HCV 5'-UTR (see 

Figure €) can be similarly used in the design of other halfzymes contemEplated by the 

• . * 

10 invention. 

* 

Jn this example, the halfzyme is activated by a target sequence derived from intact 
HCV genome. The 5*-UTR of HCV folds into a compact three-dimensional stmcture 

■ . 

independent of the remaining portion of the HCV genome. To disrupt this structure so 
that UTR-derived loop EIB sequences are accessible for activation of the halfeyme, a 
15 simple 20 minute pre-treatment step was inserted into the assay. Pre-treatment of the 
HCV 5*-UTR with a DNA oligonucleotide complementary to stem HI and RKase H 
CFigure 2a) is sufQcient to activate hal^one catalysis to the same extent as that observed 

* 

with a short synthetic oligoribonucleotide (Figure 2b). Thus, the halfzyme used in these 
studies can efBciently detect the presence of a conserved sequence element derived £tom 
20 the HCV genome. Target captmre by a halfeyme is detennined by the afOnity of the 
halfeyme for its target and can be described in niolarity by a dissociation constaxiL The 
value of this dissociation constant can be rationally engineered into the halfeyme, 
allowing 100% target capture when halfeyme used , in the assay is in excess of this 
concentraliQa! 

25 A primary concern of any technology aimed at detecting low concentrations of 

nucleic acids is its sensitivity. The halfeyme approach is unique because catalysis is only 
promoted in the presence of a sequence-matched target and because 100% target capture 
can be achieved by manq)ulating halfeyme concentration. Therefore, single molecule 
detection is theoretically possible by this approach provided that an adequate -signal 



wo 03/089650 PCTAJS02/35529 

* * » 

88 

amplification system is in place. Given the enormous flexibility of possible signal 
amplification and detection systems accommodated by the technology, signal detection 
should not define the limit of sensitivity of this technology. In practice, the limit of 
sensitivity of this approach is dictated by the uncatalyzed rate of substrate cleavage 

* • ■ 

5 promoted under liie assay conditions ysed. Therefore, the salient issue in tenns of 
sensitivity becomes ttie rdative rate of catalyzed versus uncatalyzed substrate cleavage. A 
virtue of the system is that both the assay conditions and hal&yme activity can be 
manipulated to maximize tibis rate differential. 

Figure 1 shows a non-limiting example of a **half-zinzyme" nucleic acid sensor 
10 molecule wilh a PEG linker that is modulated by the 5*-UTR of the Hepatitis C virus 
^CV S'-UIR). The figure shows both inactive and active forms of the zin2yme sensor 
molecule (SEQ ID NO. 43). In the presence of the target signaling oligonucleotide (SEQ 
ID NO. 26) which represents the stem loop IDB of the HCV 5*-UTR, the zinzyme sensor 
demonstrates an activity increase of three logs in cleaving the reporter molecule 
15 component of the sensor molecule as shown in the graph (+ oligo target) as compared to 
the sensor molecule in the absence of flie target, hi the presence of the fiill length 330 nt 
HCV S'-UTR, the zinzyme sensor molecule demonstrates an almost one log incresise in 
activity in cleaving the repoiter molecule component of tiie sensor molecule. Reaction 
conditions: 140mM KQ, lOmM Naa, 20 inM HEPES pH 7.4, ImM MgC12, ImM 
20 CaC12, 400 nM Nucleic acid sensor, 400 nM Target, Trace of labeled r^}orter (-10 nM), 
25jil reaction volume. Nucleic acid sensor, target and reporter were heated at 75'C for 3 
min, cooled to 37"C and cleavage hritiated by ttie addition of MgC12 and CaC12. 

* ■ 

■ 

Example 2 : Nucleic Acid Sensor T.ip a.«8e 

A ligase derived ftom ihe Bartel class I ligase (Eldand.ef al.. 1995, Science, 269, 
25 364-370) was prepared. Three different constructs carried various 3* truncations. These 
segments were supplied in trans as oligonulceotide HCV sequence. One ligase, tenned 
HZBART-2 showed ligation rate 107 fold above background ligation 0Bignre5). 
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ligation reactions were perfoimed at room tempoature in 30 mM Tris, pH 7.i5, 200 
mM KCl, 60 mM MgC12 and 0.6 mM EDTA. Halfeyme Kgases (1 jiM) with 
corresponding effector oligonvdceoticte (1 jiM) were heated in watw at 90»C for 2'min 
and cooled at room temperature for 10 min followed by the addition of salt, buffer and 
32P-Iabeled substrate oligonucleotide (0.1 mM final concentr^on). Reactions were 
carried out for 60 min at room temperature and stopped by Ibe addition of 1 volimie of gel 
loading buffer (7M urea, 100 mM EDtA) and sm^ cooling on ice. Products were 
separated on 20% denaturmg polyacryiamide gel electrophoresis. 

Example 11 r Halfey^R SNP dificrimiTiatirw. 

A hal&yme, based on a zinzyme enzymatic nucleic acid moti£ (A7R1 1 ^ WAS ncf^^ 



to discriminate single nucleotide polymorphisms in a nxicleic acid sequence d^ved fix>m 
HBV (for example GenBank Accession No. AF100308.1). The design of the halfeyme 
and the sequences used for detecting single nucleotide substitutions within a taiget 
sequence are shown in Figure 7. The cognate HBV DNA sequence used contains the 
sequence S'-TCXKXKJCTGCOC-S' (SEQ ID NO: 51). Two deoxy^guanosine 
nucleotides witiiin the cognate sequence were each systematically replaced with alternate 
deojcy nucleotide (c, t, or a) and cleavage activity of the halfeyme (SEQ ID NO: 50) 
assessed fat each single nucleotide substitution in tiie target seqiience. As shown in 
Figure 8, e£Scient halfeyme cleavage takes place in the presence of the cognate DNA 
sequence (SEQ ID NO: 51) and a corresponding all RNA sequence (E3By 1433, SEQ ID 
NO: 58). However, the introduction of single nucleotide changes within the target 
sequence (SEQ ID NOS: 52-57) results in loss of cleavage activity at bofli positions 
tested within the sequence. This study demonstrates fliat nucleic acid sensor molecules of 
the invention, specifically halfeymes, can be used to detect single, nucleotide 
polymorphisms in a target nucleic acid sequence. 

Each reaction of the study contained a certain amount of DNA target to be 
analyzed, lOuM of 32p labeled halfeyme AZB7.1 in lOul of IX Buffer ( 2QmM MES 
pH6.0, 14mM KQ and lOmM NaCl) with lOng/ul Monkey Genomic DNA and ImM 
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CaCl2 IrnM .MgCl2- Reactioiis wctc assraibled with all components except the 
. Ca.Cl2 and MgCl2» heated to SCC for 5 mins, thai cooled to 32**C dowty. Hie teactions 
were iiutiated with Hie addition offhe CaCl2 MgCl2» ^ incubated overnight. The 
reactions were tenninated by the addition of lOul of XC/BPB loading dye. The products 
5 were resolved by electrophoresis through a 15% denaturing polyacrylamide gel (19:1 
cross link) with 7M urea in IX TBE buffei. The gel was visualized by phosphoimager 
analysis. . 

• - . 

Example 12: Monitoring post-translational modification of nrotefais i n solution with 

♦ * ' • 

nucleic acid sensor molecules 

• • * 

10 A pre-existing KNA ligand specific for the unphosphorylated form of ERK2 was 

linked to a variant of the hainmerhead ribozyme tbrougjh a destabilized stem H structure 
(ERK-HH, Figure 9A). Biochemical and structural studies have demonstrated tiiat 
activity of the hammerhead ribozyme motif requires formation of stem IL Consequently, a • 
reasonable strategy is to induce formation of stem II througlh molecule binding to an 
15 appended RNA ligand* Protein binding can serve to induce ribozyme activity by 
stabilizing stem II since association of ERK2 with the RNA ligand requires at least partial 
formation of stem n in the fiision construct. To further disfavor stem II formation in the 
absence of ERK2, a substrate KNA binding aim in ERK-HH was made complem^tary to 
sequences in the destabilized stem II structure in order to form an alternate ERK-HH 
20 conformCT iiicapable of cleaving substrate RNA (boxed regions. Figure 9A). Upon ERK2 
association, this alternate pairing arrangement should be prohibited and substrate RNA, 
such as a reporter molecule, can therefore associate with, and consequendy be cleaved by, 
ERK-HH. 

* • 
Nucleic acid sensor molecule activity assays were performed in the presence or 
25 absence of ERK2 to assess, protexn-dependent nucleic acid sensor molecule activation. 
Qeavage reactions contained 10 mM 'nis-HCl, pH 7.5, 10 mM Mga2, 0.05 jig/pJ tRNA, 
ioo nM nucleic acid sensor molecule, 500 nM protein (or the concentration indicated), 
and trace S'-P'^-labeled substrate KNA. Recombinant rat ERK2 was prodt^ed and 
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♦ 

purified as described in Goldea et al., 2000, /. BiotechnoL, 81, 167. In all xeactions, the 
. level of substrate RNA cleavage in the absence of nucleic acid sensor molecule was . 
subtracted firom the level of substrate RNA cleavage in the presence of nucleic acid 
sensor molecide. Data represent the average values from two or more experiments. ERK- 
5 HH displayed little activity in the absence of the ERK2 protein (fc&rr 4^ X 10"^ min ^) 
(Figure Howevor, unphosphorylated ERK2 stimulated the observed rate by 

■ * 

approximately 50 fold (fete+ERia = 2.1 X 10'^ min"*)- The observed rate of substrate RNA 
cleavage by ERKrHH in the presence of ERK2 did not diq>lay a log-linear relationship 
with pH but rather was indq)endent of pH O^lgure 9C), suggesting that a conformational 

* m - w 

10 rearrangement of the enzymatic nucleic acid domain is die rate-limiting step in product 
formation. Importantly, catalysis promoted by a nucleic acid srasor molecule containing a 
mutated RNA ligand that does not associate with EKK2 was unaffected by die presence 
of ERK2, and was equivalent to the activity of ERK-HH in the absence of ERK2 OERK- 

« 

HHZMl, Figure 9B). ITius, the catalytic activation of ERK-HH in the presence of ERK2 
IS results &om its capacity to recognize ERK2. 

The rational design strategy used to create ERK-HH differs ftom previous allosteric 

ribozyme design strategies in that it employs ERK2-modulated sequestration of a 

substrate RNA binding element (boxed region. Figure 9A). To determine the importance 

of this novel design element, a version of ERK-HH was constructed such that the 

20 sequences in stem I are tmable to interact with stem II sequences (ERK-HH/M2; inset in 

» 

Figure 9D). The appropriate substrate (rq>orter molecule) for this nuclisic acid sensor 
molecule was cleaved at nearly the same rate and to nearly the same extent in the 
presence or absence of ERK2 CFiffwe 9D), suggesting diat this design elen^t plays a 
dominant role in protein-mediated activation of ERK-HEL Interestingly, the observed rate 
25 of substrate RNA cleavage promoted by ERK-HH/M2 was approximately twenty-fold 
greater than the ERK2-stimulated rate of ERK-HH. Thus, the rate-limitmg 
conformational rearrangement of ERK-HH evidenced by the pH ind^endenoe of 
substrate RNA cleavage QBlgure 9C) may involve the alternate pairing of stem regions I 
and n. The production of nucleic acid sensor molecules with an even greater rate 



* 
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inductioii by ERK2 may be accomplished by furfher engmeering of ERK-HH to tune the 

protein dep^dence of this confomiational rearrangement 

* 

Importantly, £KK>HH activity was responsive to the concentration of ERK2 
(Fignre 10). Maximal activation occurred in the presence of 500 nM ERK2, and 
5 activation was observed with as little as 5 nM ERK2 QBlgure 10). The ability of ERK-HH 
activity to monitor low nanomolar concentrations of ERK2 sets this nucleic acid sensor 
molecule apart firom previously reported allostenc ribozymes, which respond to 
micromolar through millimolar concentrations of their cognate targets. This enhanced 
sensitivity reflects the use of an RNA ligand domain (sensor domain) in ERK-HH that 

10 displays nanomolar afBnity for ERK2. Detection of evai Iowct levels of protein target is 
possible through *afi5nity maturation', a technique that has been used to increase the 
sensitivity of small molecule detection by allostenc ribo2:ymes by over one hundred fold 
(Soukup et oL., 2001, KNA, 7, 524). Alternatively, mca^ased sensitivily of detecstion is 
possible by further increasing the rate difteiential between ERK2-stimulated and ERK2- 

15 indepdendent ERK-HH catalysis. Given that the proven detection limit of RNA reagents 
is equivalent to antibodies (Golden et al.. 2000, J. Biotechnol, 81,1 67), piotein-activated 
nucleic acid sensor molecules therefore should ultimately prove to be useful alternatives 
to antibodies in certain applications. 

■ * ^ 

Since - nucleic acid ligands developed through combinatorial melhods can 
20 discriminate between protein isoforms and activation states, the specificity of protein- 
dependent ER^-HH activation was examined. As expected, bovine serum albumin (BSA) 
feiled to activate ERK-HH above the level seen in the absmce of any piotein (Figure 
llA). More importantly, p38a and JNK2, MAPEZs that are 45 % similar to ERK2, failed 
to stimulate ERK-HH activity (Figure 3, 39A), demonstrating selectivity of this nucleic 
25 acid sensor molecule . Because RNA ligands can recognize conformational epitopes and 
because phosphorylation of ERK2 leads to kinase activation by promoting a 
conformational change, applicant examined whe&er ERK-HH was selectively activated 
by a specific phosphorylation stete of ERK2. In contrast to unphosphorylated ERK2, 
phosphoxylated ERK2 (Tigs, Yigs-doubly phosphoiylated ERK2; k'ERK2) affcaded 
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Tninimal nucleic acid sensor molecule activation as judged by the low plateau level of 
cleavage m the presence of a molar excess of ppEE(K2 (Figure IIB). Such 
phosphoiylationrstate specificity indicates that ERK-HH activation through a nonspecific 
RNA chap^rone effect is unlikely. Analysis of ppERK2 by polyaciylamide gel 
5 electrophoresis demonstrates that approximately 10 % of the ppERK2 preparation 
comprises' unphosphorylated protein Qnset, Figure IIB); a percentage .that correlated 
well with the relative plateau level of cleavage observed with ppHRK2 (8.1 %). 
Therefore^ the low level of ERK-HH activity seen with the preparation of phosphoiylated 
ERK2 most likely reports flie small amount , of contaminating unphosphorylated protein 

• • 

10 present in the ppERK2 preparation. Consequentiy, this protein-activated nucleic acid, 
sensor molecule not only differentiates between EEIK2 and MAPKs involved in other 
cellular processes, it also successfully monitors the post-ttanslational activation state of 
ERK2. 

■ 

• To serve as useful protein detection reagents, protein-activated nucldlc acid sensor 
15 molecules should be able to detect their targets in complex mixtures of protdns. To 
. examine this, ERK-HH was tested for its abihty to monitor ERK2 in mammalian cell 

f . : ■ - * . ... 

lysates. Exogenous ERK2 was added to aliquots of lysate to levels between 1 % (500 nM) 
and 0.1 % (50 nM) of the total protein by weight (Figure 12A), concmtratidns of 
recombinant ERK2 that can be detected if purified (Figure 10). ERK-HH feilhfully 
20 reported the concentration of exogenous ERK2 in these samples with an activity that was 
reduced only two fold relative to its activation with purified ERK2 (Figure 12B). Thus, 
these data demonstrate that a protein-activated nucleic acid sensor molecule can 

« 

quantitatively detect its target in a complex mixture of cellular proteins and other 
macromolecules with only a slightly reduced capacity. 

25 Because allosteric ribozymes coiiple analyte recognition and signaling in a single 

molecular even*^ we examined whether a protein-activated nucleic acid sensor molecule 
could monitor its target in a solution phase assay. To investigate whether a Fluorescence 
Resonance Energy Transfix (FRET)-based method coiild detect the activity of ERK-HH, 
an assay was developed in which ERK-HH separated a fluorescein dye from a fluorescein 
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dye quencher that were coupled to opposite ends of a substrate RNA. The reactions were 
pecfoimed ia 450 jxl assays containing 100 nM substrate RNA fiar ERK-HH (5*- 
fluorescein-ggaacgUCXjucacgc^BHQ-3', SEQ ID NO: 59) and 100 nM substrate RNA for 
a constitative ribozyme (5 -Cy3-ugagcUGcacugc-BHQ-3', SEQ ID NO: 60) obtained finam 
5 Integrated DNA Technologies, U.S A. (lower case = 2 -O-methyl ribonucleotide, BHQ = 
Black Hole . Quencher™)! Reaction conditions were identical to standard conditions 

• * 

described previously, exc^t that sodium and potassium salts at final concentrations of 

• " - • ' - • * 

10 mM and 14 xnM,' respectively, were included; a requirement for activity of the 

^ • 

constitutive ribozyme motif. Emission at 517 nm and 568 nm was measured during the 

■ 

10 initial rate phase of reactions (5.5 hours). A constitutive ribozyme that cleaved a substrate 

KNA carrying a similarly quenched cyanine 3 (Cy3) fluorophore was used as a 

normalization, control in the reactions (Figure ISA). Emission at 517 nm due to catalysis 

_ . ' • " 

by BRK-HH increased as the ERK2 conc^tration increased (Figure 13B), while the 

activity of the constitutive ribozyme was unaffected by the presence of ERK2 as judged 

15 by emission at 568 nm (signal varied less than 3.2 % in all measurements). The ratio of 

fluorescein emission to Cy3 emission provides a normalized index of ERK-HH activation 

(right ordinate. Figure 13B); this profile correlated well with that observed in reactions 

employing radiolabeled substrate RNA and gel electrophoresis to. detect ERK-HH 

activation (Figure 10). These results show that nucleic acid sensor molecules can be Used 

20 to quantitatively detect a target protein in a simple solution phase assay. 

To test the generality of the design principles* used to coiistruct ERK-HH, a second 
protein-activated nucleic add sensor molecule was constructed (ppERK-HH, Figure 
14A). In ppERK-HH, the high afSnity ligand specific for unphosphorylated ERK2 was 

■ 

replaced with a high afBnity RNA ligand specific for phb^hoiylated and activated ERK2 
25 (Seiwert et al, 2001, Chem. Biol, 7, 833). Otherwise, ERK-HH and ppERK-HH ate 
idratical. The rate of substrate RNA (reporter molecule) cleavage promoted by ppERK- 
HH in the absence of protein was comparable to the uncatalyz;ed rate of phosphodiester 
bond hydrolysis of RNA under similar conditions (5.2 X 10"^ mm^ at pH 7.5 versus 1.9 X 
10"^ min"^ at pH 8.0, respectively). However, phosphorylated ERK2 stimulated the 
30 observed rate of cleavage by ppERK-HH by '-230-fold (Figure 14B). hnportantiy. 
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imphosptLOiylated ERK2 failed to activate catalysis by ppERK-HH to a level any greater* 
than that observed in the absence of protein (Figure 14B). Phosphoiylated fonns of 
related MAPKs (e^g., p38a and INK2) which do not bifld to Ae RNA ligand in ppERK- 
HH also failed to activate catalysis by ppERK-HH. Thus, althougji furtber combinatorial 

■ • • * 

5 selection or rational engineering of protein-activated .niicleic acid sensor molecules , may 

« • 

be required to enhance catalytic rates, the rational design principles introduced h&ce vz&p 
generally applicable to develop nucleic acid senses molecules capable of monitoring 
protein post-translational modiiScations. 

Allosteric ribozymes have been described that respond to a variety of conipounds. 

10 Here, applicaiit demonstrates that nucleic acid sensor niolecules have sufBcient 

specificity to also monitor the phosphorylation state of a target protein. The particular 

exainple involving selective activation of ERK-HH and ppERK-HH by opposite 

phosphorylation stat^ of ERK2 (Figures 39B and 42B) is noteworthy because hig^ 

■ • 
resolution structural studies indicate that fewer than 10 % of the amino acids in ERK2 

• ■ 

IS difTer in relatiye position by more than l.lA upon phosphorylation (Canagarajah et dL, 
1997, Celh 90, 859). Such specificity is ultimately a manifestation of the robustness of 
RNA combinatorial procedures which, in contrast to the specificity displayed by 
antibodies, can be readily defined and controlled. 

The mechanism of activation of ERK-HH and ppERK-HH by their target analytes 

• • * 

20 differs from that proposed for previously reported allosteric ribozymes: namely, it relies 

> • ■ 

on an alternate cdnformer to diminish nucleic acid sensor molecule activity in the absence 
of target protein (Figure 9A and 37D). The strategy introduced here represents a general 

■ 

method for the production of protein-activated nucleic acid sensor molecules (Figures 37 
and 42). Since this approach involves the generation of an inactive conformer by the 
25 sequestration of a substrate nucleic acid binding element, it should be equally ^plicable 
to ^izymatic nucleic acid ligases and to enzymatic nucleic acids that carry modifications 
that confer stability in biological fluids. 

A unique advantage of nucleic acid sensor molecules as protein sensing reagents is 
that they direcdy couple molecular recognition to signal generation and th^^c^e provide 



wo 03/089650 PCTAJS02/35529 

« 

96 . 

diiq>le assays for quantifative protdii detection. A nucl^c acid sensor, molecule assay can 

« ^ ■ 

simply involve adding nucleic acid sensor molecule and reporter substrate to a solution 
containing the molecular target, incubating the mixture, and measuring the nucleic acid 
sensor molecule activity (Figure 13). The ability of nucleic acid sensor molecules to 
S function in parallel in complex nuxtures (Figure 12) indicates the feasibility of using 
several nucldc add sensor molecules to simultaneously monitor nxultiple clashes of 
protein analytes in solution (Figure 13). Nucleic acid sensor molecules also function well 
on solid supports that are suitable for more global profiling of protein expression using 
high density arrays. Taken together with the ability to produce large numbers of different 

• • • • * • 

■ 

10 functional RNAs through automated combinatorial selection, protein-responsive nucleic 

acid sensor molecules therefore can represent valuable reagents to globally monitor post- 

translatidnal modifications of proteins in an arrayed format Such flexibility in assay 

» 

formats forecasts valuable roles for protein-activated nucleic add sensor molecules in 
biological research and molecular diagnostics. 

15 Example 13: Selection and Characterization of HCV-Halfcrvme nucleic add saasor 
molecule 

This example summarizes the results of a study investigating the development and 
use of Hal&yme™ Technology for the sensitive detection of nucleic acids. Halfeymes in - 
this example are a class of RNA-based enzymes that, in the presence of a nucldc add 
20 targeted for detection, direct the ligation of two reporter substrate oligonucleotides 
through a catalytic reaction. These Hal&yme enzymatic nucldc acids can be multiple 
turnover enzymes such tiiat a single targeted nucleic add-activated Halfzyme enzymatic 
nucleic acid produces many ligation products. Thus, Halfeyme enzymatic nucldc acid 
Technology provides an amplification step for nucldc add detection. 

25 The study .was directed at the detection of sequences present in the Hepatitis C 

Virus (HCV) genome. Sequraces m the 5* untranslated region (UTR) were choseu as the 
target nucldc acid sequ^ce because of their hig^ degree of sequence conservation among 
different HCV strains. 

4 
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Activities perfonned in the course of iHs study iacluded: 1) development of 
efficiCTt Hal&ymes activated by HCV sequences (EICV-Hal&ymes) through a robust, in 
vitro combinatorial {irocess referred to as Directed Molecular Evolution (DME), 2) 
biochemical cbaracterization and optimization of- HCV-Hal&ymes that function as 
multiple turnover enzymes, 3) detemiiiiation of the limit of detection (L-O JD.) afforded 
by HCV-Hal&ymes in an unformatted assay. 

* 

. * • 

Applicant performed L.O.D. determinations in an unformatted assay in which 
HCV-Halfzyme ligation products were directly visualized and quantified. The L.O.D. 
assay utilized partially labeled substrate (therefore, less than 1.5% of products could be 
detected) and an instrummt to quantify ligation products 

The L.OJ>. of HCy sequence detection in this unformatted assay was 6000 
molecules when a positive signal was judged as two standard deviations above noise (2 
SD L.O.D.). This is a v^ conservative estimate of the unformatted assay L.O.D. since 
some experiments yielded detection of a little as 60 molecules and 2 SD L.O JD. values as 
low as 600 molecules. The kinetic characteristics of the HCV-Hal&ymes developed in the 
study, however, indicate tiiat when iised in a properly formatted assay the true HCV- 
Halfzyme L.O.D will meet or exceed detection of 100 molecules. 

Halfevme TenliTinlnpy 

Enzymatic nucleic acid molecules are nucleic acid-based enzymes that, like protein 
enzymes, accelerate biochemical reactions. Hal&ymes, are a particular class of enzymatic 
nucleic acid molecule in which a portion of the nucleic acid sequence of the enzymatic 
nucleic acid molecule has been deleted and is siq)plied in trans as an effector nucleic 
acid. In an non-limiting example, Hal&ymes are therefore devoid of catalytic activity in 
the absence of tins effector sequence, but their activity can be induced through interaction 
with the £raiu-acting oligonucleotide eSector. In the Hal&yme system an oligonucleotide 
target RNA acts as an effector or activator, inducing enzymatic nucldic add molecule 
catalysis Q^gore IS). Consequently, Halfz:yme catalytic activity acts as the readout for 
the pres^ce of a particular target nucleic acid. Halfi:ymes function as multiple turnover 
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• • • 

catalysts, providing an intrinsic signal amplification stqp. Unlike PCR-based assays Hiat 

requiie time consmning and difficult to automate thermal cycling, Hal&ymes function in 

• ■ . • 

an isothemial mdxmex. Moreover, the use of Halfzymes for nucleic acid detection does 
not require amplification of the target sequence, such that contamination problems 
5 associated with PCR-based assays are eliminated. • HalJEzyme enzymatic nucleic acid 
molecules are assembled fi-om two or more separate nucleic acid molecules, preferably 

two or tiboree separate nucleic acid molecules* 

* • • • 

Hal&yme technology , is based on, for example, an enzymatic nucleic acid that 
catalyzes ligation of s^arate molecule, for example a class I ligase enzymatic nucleic 

> . • 

IQ. acid molecule (Figure 16). lliis enzymatic nucleic acid molecule motif was chosra as flie 

■ • » 

catalytic ^platform' for Hal&yme ligase development because it displays one of the &stest 
catalytic rates described for a enzymatic nucleic acid molecule (up to 300 turnovers per 

minute, and has been extensively characterized. In contrast to conventional hybridization- 

. • • • 

based nucleic acid detection strategies that require stretches of twenty or more highly 
15 conserved nucleotides, Halfzyme technology is designed so that target detection requires 
recognition of no more than nine contiguous nucleotides of conserved sequence (see for 

exanq>le Figure 16). 

* 

. The Haljizymes in fliis example covalentiy ligate two substrate (reporter) nucleic 
acids (Figure 16). hi the nomenclature iised by applicant, the 5* substrate RNA fliat 

20 supplies the niicleophilic hydroxy! in the ligation reaction is referred to as substrate 2. 
The 3' substrate RNA that carries the S*-triphosphate and hence the pyrophosphate 
leaving group is referred to as substrate 1. Each of these two substrates can be made by 
solid-phase oligonucleotide synthesis, Therefore, each substrate RNA can be 
independenUy and site specifically labeled with one or several haptens or capture 

25 reagents. Consequently, ligated products that are amplified firom Halfzyme reactions can 
be detected in a number of difG^ent assay fomiats. 

« • 

Hepatitis C Virus (HCV) target site 

m 

The use of Hal&yme technology as a method for the sensitive detection of viral 
sequences was tested. Halfeyme reagents were developed that are RNA sequences'fMresmt 
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in flie Hepatitis C Vitus (HCV) genome as effector molecules. Such HaS&ymes are 
referred to as HCV-activated Hal^nnes or HCY-Hal£^^ 

CoBsistent vnih nucleic acid testing strategies, it is preferable to select for detection 
of a viral nucleic acid sequence that is hig^y conserved among different viral strains. 
S Hq>atitis C Virus (HCV) is a positive strand KNA virus of approximately nine kilobases 
(9 kB) that contains one large open reading fiame (ORP) encoding both stnictuial and 
nonstructural proteins and a laige 5' untranslated region (S'-UTR), that acts as a 
functional RNA to direct cap-independent translation within cells. While flie ORF is 
highly variable in nucleotide sequence, the 5 *-UTR is conserved to a much^eater degree. 
10 Thus, the S*-UTR represents an attractive target for nucleic acid-based detection 

« 

strategies. Within the S'-UTR, the most hig^y conserved feature is a structural eloient 
referred to as stem-loop lllB. A multiple sequence alignment of the approximately 1500 
GENBANK entries of HCV sequences containing stem-loop TTTR indicates that the 3* half 
of this sequence is almost universally conserved among HCV isolates while the 5' pcHtipn 
15 varies only slightiy (Figure 17). Consequentiy, the sequence of stem-loop TTTR was 
chosen as the non-limiting example of a HCV-Hal&yme effector oligonucleotide 
(positions 175 to 205 by conventional numbering). 

« 

Directed Molecular Evolution flPME^ 

« 

Nucleic acids possess the unique property that genotype (replicatable information) 
20 and phenotype (molecular function) reside in one molecule. Thus, molecules with specific 
functions can be directly replicated and amplified by RT-PCR. Dixected Molecular 
Evolution, or DME, is a process for the combinatorial selection of nucleic acids in which 

* * 

a large collection of random sequ^ce variants of a functional KNA are produced and 
subjected to selective pressure that allows rare sequence variants with eiihanced 
25 performance characteristics to be the separated fi'om the bulk of the sequence variants 
with less robust poibmiance (Figure 18). Formally, DME is similar to Darwinian 
evolution in tihat it mtails * survival of the fittest': many individuals* (sequences) 
displaying different characteristics are forced to ^compete* by subjecting them to a 
selective pressure. Those enzymatic nucleic acid molecule sequences with the best 
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performance ate allowed to reproduce (DME reproduction is through RT-PCR rather than 
orgaidsmal reproduction as in true evolution). After amplification, the library of 
sequences that is enriched for functional molecules is used in subsequent cycles of DME 
in which &e stringency of the selective pressure is progressively increased. When the 
S properties of the library of sequences as. a whole display fiie desired functional 

^ • 

characteristics, individual members are cloned &rough bact^al transformation and 
individually characterized. In this way, enzymatic nucleic acid molecules with properties 
substantially better than the starting sequence can be identbBed. . 

Applicant has used DME to develop catalytically efficient Hal£symes that are 
10 activated by a predetennined effector nucleic acid: sequences of stem-loop TTTR of flie 
HCV 5*-UTEL This work serves as a model for the production of Halfeymes that are 
activated by other target nucleic acids. All work performed in this example utilized the 
class I ligase enzymatic nucleic acid molecule as the catalytic 'platform' for the 
production of Hal&yme ligase catalysts. A person skilled in the art will recognize that 
IS oiher enzymatic nucleic acid molectdes can similarly be utilized for the production of 
Hal&yme or other multicomponent nucleic acid constructs using the teaching of this 
application, including nucleic acid sensor constructs capable of catalyzmg dif^^t 
chemical reactions. 

Applicant first defined the Limit of Detection (L.OJ>.) of a single turnover version 
20 of an HCV-activated Halfisyme. This HCV-Halfzyme promotes the ligation of a substrate 
RNA oligonucleotide to its own 5* terminus. Thus, it is able to perform only a singje 
catalytic cycle; it does not provide amplification through multiple turnover catalysis. 

The sequence of the HCV-Halfzyme used in these initial studies contained 
sequence changes to accommodate the sequence of the HCV target oligonucleotide 
25 (Figure 19). The L.O.D. was established by determination of HCV-Halfeyme activity as a ' 
function of the copy number of the HCV effector sequence. Using a synthetic 
oligoribonucleotide representing stem-loop .lUB of die HCV 5' UTR target site, the limit 
of detection of this system was 6X10^ molecules, hnportantiy, Halfeymes that w«e 
activated by the complete HCV 5'-UTR displayed the same L.OJD. as the synthetic 
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oligonucleotide if the 5*-UTR was first pre-treated with KNTase H and specific DNA 

* * 

* 

oligonucleotides to liberate the HCV-Halfzyme effector nucleic acid (Figure 19). Since 

* 

• * 

the 5*-UTR folds into an independent structural domain within the. intact the^HCV 
genome, the ability to activation of the HCV-Halfeyme wifli an effector nucledc acid 
5 derived from the 5'-UTR indicate^ that it can be activated with sequCTces derived by the 
intact HCV genome when isolated from clinical samples. 

The above work demonstrated the efBcacy of using Hal&yme technology to detect 

^ ■ ■ 

viral nucleic acid sequences. However, flie L.O JD. of this single turnover HCV-Hal&yme 
may not be su£5cient for use in a number of blood screening applications. Multiple 

10 turnover versions of such an HCV-Halfeyme, therefore, were needed to carry out inultiple 
cataljrtic cycles for signal amplification. However, the catalytic rate of the HCV- . 
Halfeyme used in the . above studies was extremely low ^Cohs — ^5 X 10"^ min'*). 
Consequently, the production of an HCV-Halfeyme with better performance 
characteristics was required to decrease the L.OJD. to levels appropriate for viral 

15 screening. To develop a more eflScient HCV-Halfeyme, Directed Molecular Evolution 

■ 

(DMB) was performed to identify sequence variants of the HCV-Halfeyme described 
above with the desired performance charact^stics. 

Initial HCV-Halfevme development in DME-1 

The HCV-Halfeyme sequ^ce library used for DME-1 was produced through 
20 'doped' solid phase oligonucleotide synthesis of DNA by standard procedures. A total of 
62 nucleotide i>ositions. in regions of the HCV-Halfeyme not directly involved in 
interaction with substrate RNA or hybridization to the HCV effector were mutagenized 
such that each consisted of non-parental sequence 30% of the time (Figure 20). As a 
result, each of the ^-10^^ HCV-Halfeyme sequence variants carried '-IS changes relative to 
25 the parental HCV-Halfeyme. In this HCV-Halfeyme library, HCV effector hybridized to 
stretches of 6, 7, and 24 nucleotides. 

Each cycle of DME-1 involved Halfeyme transcription, incubation with BtCV 
effector oligonucleotide and substrate 2, fractionation and collection of substrate 2/ HCV- 
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Halfeyme ligated pioduot from non-Teacted HCV-Halfeyme by gel electrophoresis, 
amplification of substrate 2/ HCV-Halfeyme Kgatcd product by RT-PCR, and a second 
PGR to regenerate the Iranscriptional promoter and appropriate 5' end of the Halfzyme 
pool (Figure 20). Each cycle of this selection required ~ 5 days. In successive cycles of 
DME-1 the selective pressure for &ster catalytic rates was applied by decreasmg the time 
allowed for ligation of substrate 2 to the HCV-Halfeyme sequence library. Initially, tins 
reaction time was 16 h, but by the sevrath and* final roimd the incubation time was 
reduced to 15 seconds. 

At each cycle of DME, HCV-Halfeymes with progressively &ster catalytic rates 
were enriched (data not shown). DME-1 was terminated after seven cycles of DME-l, at 
which point the HCV-Halfeyme library displayed a single tumover rate of 0.03 min"^ 
This rate is similar to that obtained in the initial selection of this ligase razymatic nucleic 
acid molecule. DNA representing individual sequences contained in this enriched HCV- 
Halfeyme library were ligated into bacterial plasmids and isolated by transformation into 

m 

K colL Individual HCV-Halfeymes were then characterized as described below. 
Characterization of HC V-TTaTfcYi nes Developed in DME-1 

. The kinetic properties (Table D) and sequ^ces of clones repr^^ting tfaiify-lhree 

■ 

HCV-Halfeymes developed in DME-1 wctc characterized. Sigmficantly, several 
sequence variants display an obsorved rate of ~ 1.5 to 2 min'^ These HCV-HaU^^es 
comprised erne sequence femily. The optimal HCY-HaU^pme fiom DME-1, done 8/7, 
contains 10 nucleotide changes relative to the input sequrace and one nucleotide deletion 
(Figure 21). These changes are responsible for increasing its activity in auto-ligation 
(single tumover) reactions by - 400-fold. The catalytic rate of 8/7 HCV-Halfeyme was 
characterized in terms of its dependence on pH and Mg^"**. The assembly of 8/7 HCV- 
Halfeyme into active complexes and its ability to function as a multiple tumover 
enzymatic nucleic acid molecule wore also investigated. 

Tablen 
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1 Clone 


Rate (min^) 


8/7 


2.100 ' 


8/24 


1.6S0 


8/26 


1.610 


8/3 


1.340 . 


8/6 


1.260 . 


8/5 


i.190 


8/8 


1.060 


8/16 


0.994 


8/15 


0.850 


8/10 


0.810 


8/21 


0.730 


8/4 


0.670 


8/19 


0.630. 


8/20 


. 0.600 


8/27 


0.530 


8/13 


0.500 


8/11 


0.400 


8/25 


0.380 


8/12 


0.330 [ 


8/14 


0.320 


8/1 


0.310 1 


8/23 


0.300 r 


8/18 


0.290 


8/2. 


0.230 


8/32 


0.030 


8/29 


0.023 


8/22 


0.016 


8/17 


0.010 


8/28 


0.004 


. 8/30 


0.004 


8/33 


0.002 


1 8/9 


0.001 1 



A log-linear relationship between pH and observed rate of 8/7 HCV-Hal&yme 
would mean that the chemical step is limiting the observed rate since the chemical step of 
ligation promoted by the class I ligase enzymatic nucleic add molecule is dependent on 
the concentration of hydroxide ion in solution. Increasing pH, thereforei could be used to 
increase its catalytic activity. The observed single turnover rate of clone 8/7. HCV- 
Halfeyme displayed a log-linear relationship v?ifh pH until pH 7.0, at which point Uie 
rates reached a plateau at '-2 min"^ (Figure 22). hicreasing pH further did not result in an 
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increase in observed rate. Such a plateau indicates that the observed rate of this HCV- 
Hal&yme is limited by a confoimatioiial reairangemeixt proceeding at -^2 min . 

m 

The dependoice of the observed rate on Mg^* was examined since Mg^ is beleived 
to affect the folding of enzymatic nucleic acid molecules, and tiierefore could affect the 

• - ♦ 

5 rate-limiting conformational rearrangement of the 8/7 HCV -Halfzynie that is evidenced in 

its pH profile. Indeed, the catalytic rate of the 8/7 HCV-Halfeyme increased as a function 

of Mg^ at all coiicentrations tested, indicating that the folding of 8/7 HCV-Halfeyme was 

incomplete at even the highest Mg^* concentration tested ( 500 mM, Figure 22). Thus, 

the optimal HCV-Halfeyme obtained firom DME-1 is limited in rate by its incomplete 

• ." • • 

10 formation of an active three-dimensional structure in a way. Hiat could not be 

compensated by high concentrations of Mg^***. 

To examine whether the gross assembly of the 8/7 HGV-Halfeyme was the cause of 
its folding deficiency, a native gel electrophoresis assay was developed to monitor RNA- 
RNA interactions O^igure 23). This assay was used to determine the afBnity of all 
15 relevant KNA-RNA interactions required for assembly and fimction of active HCV- 
Halfeyme complexes. These include the a£5nity of substrate 2 for the HCV-Halfeyme and 
the afBhity of the HCV-Halfeyme for flie HCV effector oligonucleotide. These data 
showed that all relevant assembly events proceeded to 100% completion at the 

concentrations of substrate 2 RNA, HCV-Halfeyme and HCV efBsctor oligonucleotide 

* _ 
20 used in assays (data not shown). Thus, the deficiency in folding displayed by the 8/7 

HGV-Halfeyme could not be accounted for by inefBcient or incomplete assembly «yents. 

Conversion of the single turnover 8/7 HCV-Halfeyme obtairied finom DME-1 to a 
multiple turnover version involves dissection into two parts: a 5* portion becomes a trans 
acting substrate (substrate 1), and a 3* portion that becomes Ae multiple tumover HCV- 
25 Halfeynie. Substrate 1 is ligated to the same substrate 2 RNA that is used in single 
tumover reactions. By dissecting the HCV-Halfeyme at various intCTiucleotide positions 

« 

several multiple tumovCT configurations of the clone 8/7 HCV-Halfeyme were generated 
(Table HI), Each directs the ligation of distinct substrate 1 KNA oligonucleotide to tibe 
substrate 2 oligonucleotide. 
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Multiple turnover coufiguiations analogous to that described for. the pueotal class I 
ligase ©Qzymatic nucleic acid molecule had low activity (multiple turnover rates less tban 
10" mm" , Table ID). However, a configuration that utilizes pppGGA as substrate 1 
showed a tumover rate of 0.004 miu"\ This value is apprpximately 20a-fold lower than 
the observed rate displayed by the single turnover clcme 8/7 HCV-Halfeyme. This 
particular configuration for a multiple turnover HCV-Halfeyme is attractive because the 
uncatalyzed rate of substrate RNA ligation is mimmi7/ea since the reactive groiq>s 
(S'triphospbate and 3' hydroxyl of the two substrate KNAs) are not held in dose 
proximity as they are in die unimolecular substrate RNA-siibstrate RNA conq>lex us«i in 

* . • ■ 

odier configurations. 




Configuration 




Substrate 1 Sequence (5*-3*) 



Rate 
(mia-1) 



>-GGAAAUCCAAACGACUGGUAC 
i-GGAAAUCCAAACG ACUGGUACAAAA 

ppp- 

GGAAAUCCAAACGACUGGUACAA AAAAGACAAU 

ppp- 

GGAAAUCCAAACGACUGGUACAAAAAAGACAAAU 

GUGUGCCCUCA 




10-5 



10-5 



10-5 



10-5 



SEQ 
ID 
NO 



77 



78 



79 



80 



15 



Secondary H CV-Halfa yme Development in DME-2 

A secondary DME (DME-2) was initiated to optimize folding and fiirther intaease 
catalytic activity of the Halfeyme constructs. DME-2 was carried out to c 
and further increase activity of 8/7 HCV-Hal^me obtained fiom DN 



■ Ml 
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activity of 8/7 HCV-Hal&yme was believed to be liinited by Ihe binding of Mgp^, in 
DME*2 HCV-Halfzymes were demanded to display incnneased catalytic function at 
reduced concentrations of Mg^"*". 

Li DME-2 a new library of HCV-Hal&yme sequence variants was produced based 
on the clone 8/7 HCV-Halfz^e obtained fix>ni DME-1. In DME-2, rath^ than simply re- 
randomizing the positions already present in flie clone 8/7 HCV-Halfsyme, additional 
regions of random sequence were added to the existing clone 8/7 HCV-Halfeyme CFigiire 
24). Three different HCV-Halfz^yme libraries were produced for three DME-2 processes 
that were performed in parallel, hi two of these libraries, 30 nucleotides of random 

■ 

sequence were inserted hi the fliird HCV-HaljEcyme library, 26 random nucleotides 
replaced a four nucleotide loop within the clone 8/7 HCV-Halfeyme. Each of these three 
libraries consisted of -1 X 10^^ HCV-Halfeyme sequence variants. Importantly, all three 
of the HCV-Halfeyine sequence libraries used in DME-2 was 3 '-truncated relative to the 
8/7 HCV-Halfzyme obtained jfrom DME-1. Thus, HCV-Halfeymes produced in DME-2 
can contiguously hybridize to nine nucleotides of HCV sequence. 

DMB-2 was carried out similar to DME-1, except that:. 1) the concentration of Mg^"*" 
was progressively decreased in successive rounds, and 2) each of the three libraries was 
subjected s^arately to DME-2. . Aft« each cycle of DMB-2, Hal&ymes with faster 
catalytic rates w^ obtained even as the concentration of Mg^"^ was reduced (data not 
shown). To obtain the best performing HCV-Hal£zymes from these three sequence 
libraries, all three libraries were mixed together and subject to the final cycle of DME-2 
in which they were made to compete against one another. DME-2 was terminated after 
this cycle at which point the pooled HCV-Halfeyme library displayed a single turnover 
rate of 0.02 min'Ut 1 mM Mg^*. 

Singile. turnover ligation rates of the enriched library of HCV-Halfzyme sequences 
obtaiaed in DME-2 were determined as a function of Mg^*** concentration and compared 
to the same data set obtained for the 8/7 HCV-Halfeyme obtained from DME-1. At all 
Mg concentrations tested, the rates of ligation promoted by the HCV-Halfeyme library 
obtained from DME-2 wore dramatically higher than those displayed by the 8/7 HCV- 
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Halfeyme from DME-1 (Figure 25). Indeed, observed rates of the HCV-Halfeyme library 
obtained from DME-2 were too fast to measure at Mg^^ concrattrations above 30 mM (> 
12 min"^, figure 25. 

To directly assess ability of the HCV-Halfeymes from DMB-2 to functioii ia 
5 multiple tumover format, the rate of ligation of substrate 2 to i>ppGGA was tested using 
an appropriately S**truncated HCV-Halfzyrde library. An improvement of at least 200- 
' fold in this reaction was observed relative to the activity of 8/7 HCV-Hal&Tme (Figure 
25), suggesting ihst this sequence library contained HCV-Halfeymes that could efficiently 
fimction in multiple tumover format Thus, characterizatibn of individual HCV- 
10 Hal&ymes from this library was undertakeiL As in DME-1, DNA representing individual 
sequences obtained from DME-2 w^re ligated into bacterial plasmids, isolated by 
transformation into E. coli and individual HCV-Hal&ymes characterized as described 
below. 

Characterization of HCV-Ha lfa ymes from DME-2 

IS Eigihty clones £x>m the final DME-2 library were transcribed and their single 

tumover rates characterized imder sub-optimal conditions (so that their rates would be 
slowed enougjh to quantify relative to the rate displayed by the complete library of HCV- 
Hsd&ymes). Twenty-one of these clones displayed a rate greatea: than the final selected 
pool. Nineteen of these twenty-one clones were sequenced and shown to comprise one 

20 family of related sequences. The seven displaying the best performance in tibis initial 
kinetic screen were characterized in more detail at pH 7.5, 3 inM Mg^ (Table IV). While 
the catalytic rates of these seven clones were rather tightiy clustered, clones 21 and 38 
displayed &e fristest rates and proceeded to 86% and 74% completion, respectively, under 
these conditions. Note that the plateau value in singjle tumover conditions can be used to 

25 judge the fraction of the HCV-Halfryme &at is active for ligation. These criteria were 
used to establish clone 38 and clone 21 HCV-Halfeymes as our lead reagents. Both HCV- 
Hal^^es display a rate of ligation that is equal to that reported for the class I 
constitutive ligase from which they were derived, even though the latter was measured at 
an even higher Mg^"*^ concentration CTable, IV). Under optimal conditions (pH 7.5, 60 



wo 03/089650 PCTAJS02/35529 

■ 

108 

mM Mg^ both of these clones displayed single turnover rates that were >15 mrn'^ (too 
fast to measure by manual pipeting methods, data not shown). 

Table IV 



Clone # 


kobs (min*^). Plateau 


38* 


4.1. 86% 


21* 


3.6.74% 


26* 


3.3. 85% 


30* 


3.1.85% 


ir 


3.0. 64% . 


35* 


2.5. 88% 


. 24* 


2.1.79% 


constituflve 
ligase* 


3.9,70% 


*pH7.5, 3.0mMMg^ 



^pH 7.5, 10.0 mM Mg^* 



Clones 21 and 38 aie closely related in sequence and predicted secondary structure 
S (Figure 2^. In botii HCV-Halfzymes, the sequence selected from the random sequence 
library served to shift, or slide, the base paired region (referred to as P3) 3' of its original 
location, dramatically changing the orientation of the highly conserved unpaired 
nucleotides (designated S2 and S3) thought to comprise the catalytic core of the class I 
enzymatic nucleic acid molecule motif. 

10 Multiple turnover HrV-TTnlfTy meg 

Several multiple turnover configurations of clone 38 and cloxie 21 HCV -Halfeymcs 

• • ^ 

were developed by S* truncation at various positions. However, work focused on two 
(referred to as configuration 1 and configuration 3, Figure 27). Each multiple turnover 
configuration requires an HCV-Halfeyme that is uniquely 5*- truncated and a substrate 1 
IS of a difT^^t length. The properties of each of these configurations are quite distinct and 
each is described separately below. 
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CJiaiacterization of Confiexiration 3 

This configuration of multiple turnover HCV-Halfeyme was produced by 5'- 
truncating 23 nucleotides fiom flie 5* end of the sin^e turnover veision of clone 21 HCV- 
Halfeyme. This same sequence functions in trans as sid>stcate 1 (Figure 27). In 
5 configuratioii 3, the two substrates base pair with one another to form a unimolecular 
complex independent of the HCV-Halfzyme. This substrate RNA complex associates 
with effector^bound HCV-Halfsyme through Watson-Crick base interaction with Rector 
nucleic acid sequence. Thus, the substrate RNA complex will not associate with HCV- 
. Halfeyme in the absenpeofflieHCV effector nucleic a^ 

10 Configuration 3 is very similar to the multiple turnover version of the class I ligase 

enzymatic nucldc acid molecule. To dat^ 4e maxima] turnover rate of clone 38 or clone 
21 HCV-Halfeyme in this configuration is 0.75 nain"' (assayed at pH 7.5, 60 mM Mg^ 
and 12.5 uM substrate RNAs). This rate is approximately 20-fold lower than the rate of 
the single turnover reaction promoted by clone 21 HCV-Halfeyme under identical 

15 conditions (>15 min"'). Additional optimizations are carried so that the multiple turnover 
rate matches the single turnover rate, which will proportionally decrease the L.O.D. 
afiforded by fliis configuration of clone 21 HCV-Halfz^^ 

The native gel electrophoresis system previously described (see Characterization of 
HCV-Halfeymes obtained through DMB-1 and Materials and Methods) was used to 
20 investigate the substrate RNA concCTtrations required for efficient association, and the 
concentration of HCV-Halfeyme required for ctmiplete c^ture of the HCV effector 

• * 

oligonucleotide. This analysis showed tiiat substrate 1 and substrate 2 have an afBnity ft>r 
one another of 5 nM (data not shown). The afBnity of the product of ligation ^duced 
synthetically) for HCV-Halfeyme bound to HCV effector was 1.3 uM (data not shown). 
25 As expected, the simulated i>roduct did not show any interaction with HCV-Halfeyme in 
the absence of effector. The afBnity of the HCV-Halfeyme for the HCV-effector nucleic 
acid was 48 nM. Complete capture of effector by HCV-Halfeyme occurred at 500 nM and 

« 

set tiie concentiation of HCV-Halfeyme used in L.OD. determinations. Complete 
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saturation of substrate RNA complex to the effector bound HCV-Hal&yme was achieved 
at concentrations of -13 uM 

Optimization of Configuration 3 for 32P L,OJ). Determinations 

Conditipnis were optimized for determining the L.O JD. of clone 21 HCV-Halfzyme 
S in configuration 3. The assay for L.O.D. determination utilizes substrate RNA that is 

^^^^ 

partially labeled with P, gel electrophoresis to resolve ligated product finom substrate, 
and phosphoimage analysis for the direct visualization and quantification of ligated 

- • * * 

product Because the L.O.Di determinations were performed with partially labeled 
substrate RNA, maximization of detectable signal required substrate RNA concentrations 
10 that did not support fully catalytic activity of the HCV-Halfeyme. Thus, in the assay 

* • • • • 

performed not every cycle of HCV-Halfzyme catalysis can be 'monitored in the L.OJD. 
determinations. 

« 

To optimize signal in the L.OJ!). determinations using the ^^P assay, HCV- 
Hal&yme signal in the presence of 1 X 10^ effector molecules was . investigated as a 
IS function of pH, substrate RNA concentration and Mg^'*' concentration (Figure 28). 

Examination of the dependence of signal and turnover rate on pH and substrate 
concentration shows .tiiat clone 21 HCV-Halfeyme turnover rate and detectable signal 
increases 5-fold from pH 6.5 to 7.5 (5-fold increase), but begins to plateau at higher pH 
values (Figure 28A3)* As expected, signal increased at every pH as substrate RNA was 
20 decreaised (Figure 28A). However, turnover rate decreased (Figure 28B). To more 

* ■ 

. closely exaroine the effect of lowering substrate RNA concentration on signal and 
turnover rate a second optimization was conducted at lower substrate RNA 
concentrations (Figure 28C,D). This optimization was performed as a matrix with 
varying Mg concentration since the ajB5nity of the substrate Rl^ complex for clone 21 
25 HCV-Halfeyme could be influenced by Mg^"*" concentration. As expected, these data 
showed that signal increased as the substrate RNA concentration decreased (Figure 28 
CJD). Maximal signal was obtained at 60 to 120 mM Mg^"^. This analysis was used to 
establish the following conditions for L.O J), determinations using partially radiolabeled 
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substrate ENA: pH 7.5, 60 mM Mg^^ L.O.D. detenninatioiis were performed at several 
substrate RNA concentratioiis. Additional trials to more finely define the optimal 
conditions for L.O J), determinations are carried out to fiiUy optimize assays using the 
.^^P-based assay. 

■ • 

Since pH effects HCV-Halfeyme activity (and consequently L.O.D.), the 
dq)endence of the ligation rate on pH was analyzed in the presence and absence of HCV 
effector. The resultant curves show very different profiles (Figure 29). The maxTrnnl nrte 
difiference between + effector and - effector ligation rates occurs between pH 7.5 and 6.5. 

^^^^ _ • • • 

The L.O.D. detenninations reported below were carried out at pH 7.5; at this pH tiiie rate 

' • * • * ■ 

differential between in the presence and absence of effector is 6.2 X 1 0^. 

• * 

All L.O JD. determinations were carried out at n=5. Positive signal was judged as an 

m. ■ 

average signal fiom the S trials that was greater than 2 standard deviations above tiie 
signal seen in the absence of HCV effector (2SD T^OI>.). /Dials were conducted at pH 
7.5, 60 mM Mg2+, 0.5 to 0.1 uM clone 21 HCV-Halfeyme and 0.5 uM substrates 1 and 2. 
Under these conditions, the average 2SD L.OX). of the clone 21 HCV-Halfeyme in 
cbnfiguration 3 is 1,800 molecules (Mgure 30). In all of the HCV-Halfeyme L.6jD. 
detraminations peacfoimed, fluctuations in system background, the levd of uncatalyzed 
ligation of the substrate ENAs, and assay operator variability &om experiment to 
experiment allowed the 2SD L.OJD..to range fidm 600 molecules to 18,000 molecides. 
Detectable signal above background was observed as low as 60 molecules. Coef5cient of 
Variance (CV) values in L.O.D. determinations typically ranged from 1 0 to 20%. 



Several characteristics of the assay p^ormed reduce or limit assay sensitivity and 
increase CV. Due fb the signal detection capabilities of the phosphoimager instrument 
used to quantify signal and the use of partially labeled substrate RNA, Halfeyme reactions 
were carried out for long incubation times (usually 18 hours or longer). During such long 
incubation times, a loss of Hal&yme activity is expected. Uncatalyzed, 'background' 
ligation due to the intrinsic chemical reactivity of the two substrates is constant during 
this incubation period. Consequmtly the ratio of signal (+ effector Halfeyme ^talysis) to 
noise (uncatalyzed background ligation) increases when incubation times are increased. 
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Furflier, to assess the amount of ligated product RNA, it was sq)aiated from substrate 
RNA based on its mobflity in gel electrophoresis. Due to the nature of gel electrophoresis, 
a small amoimt of flie substrate KNA always **bleeds" into the position where tiie ligated 
product migrates. This **bleeding" creates a background of radioactivity and impacts our 
5 ability to visualize ligated product Detection strategies that utilize completely labded 
sub^strate RNA and that are more s^sitive than phosphoimage analysis are likely to result 

in a decrease in the L.O JD. afforded by Halfeyme technology. 

% 

* 

nnnfifnimti'rm 1 

- t 

In contrast to configuration 3, HCV-Halfeyme in configuration . 1 . utilizes a tri- 
10 nucleotide substrate^ 1 that does not base pair to substrate 2, and interacts with the HCV- 
Halfeyme laigely tiux>ugh non-Watscm-Crick: interactions. In addition, because substrate 1 
and substrate 2 do not interact with each otiier in the absaice of HCV-Halfeyme in 
configuration 1, uncatalyzed "background" ligation is minimized (see below). This 
configuration of multiple turnover HCV-Halfeyme was produced by deleting 4 
15 nucleotides fiom the 5* end of the single turnover version of clone 38 HCV-Halfeyme. 5*- 
pppGGA was supplied in trans as substrate 1 (Figure 31). 

Product release is tiie rate-limiting step for isofliermal, multiple turnover, HCV- 
Halfeymd configuration 1 catalysis (when the standard substrate 2 is used). To increase 
the rate of product dissociation, a series of 5* truncated substrate 2 RNAs were assayed 

20 for their ability to promote multiple turnover catalysis CTable V). When the interaction 
between substrate 2 and clone 38 HCV-Halfeyme was reduced to three Watson-Crick 
base pairs, the multiple turnover rate at room temperature nearly matched the rate 
measured for flie first turnover (0.1 13 min** vs 0.4 min'*, respectively). Michaelis-Menten 
analysis was used to establish flie afBnity of several of the different sequence versions of 

25 substrate 2 for the HCV-Halfeyme. This analysis suggests that the best performing 
substrate 2, substrate 2^a, has an afiBnity of -11 uM for flie clone 38 HCV-Halfeyme. 
The rate provided by saturating concentrations of substrate 2-4a is ~ 150 fold reduced 
rdative to the autoligation event promoted by this HCV-Halfeyme. In part, this reduction 
in rate is due to the use of sub-saturating concentrations of pppGGA <substrate 1). As 
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wi& configuration 3, additional optimization is earned out so that the multiple turnover 
rate afforded by configuration 1 matches the autoligation rate. In this regard^ Ihe afBnity 
of the pppGGA substrate, or variants thereoi^ is increased experimentally for the HCV- 
Halfeyme. 



Table V 



Substrate 2 


Sequence^ 


kobs (min-1) 

* ■ 


KRNA (|iM) 


standard sub 


aaACCAGUC 


0.0004¥ 




substrate 2-1 


CCAGUC 


0.006§ 


• 


substrate 2-2 


CAGUC 


0.056§ 




substrate 2-3 


AGUG 


0.086 


12 


substrate 2-4 


GUC 

* 


0.059§ 




substrate 2-3a 

• 


aAGUC 


0.087£ 

* 


15 


substrate 2-4b 


UAGUC 


0.080£ 


15 


substrate 2-4c 


uaaAGUC 


0.072£ . 


15 


substrate 2-4a 


aauGUC 


0.1 13£ 


11 


""lower case letters denote nucleotides that do not base pair wHh 
HCV-Halfzyme but act to destabilize the interaction of substrate 2 anf 
HCV-Hatfeyme. 

^obsen^ed rate In presence of 20 pM substrate RNA 
^observed rate in presence of 200 substrate RNA 
%ite multiple turnover rates derived from Michaelis-Menten 
ansdysis 



A L.OJD. lower than 1X10 HCV molecules was established using tiie following 
conditions: 4 mM pppOGA, 0.S uM iEICV-Hal&yme, pH 8» and <100 nM substrate 2-4a. 
Importantly^ in reactions that lacked HCV-efiector but were otherwise identical, no 
ligation could be detected after an incubation of 1 10 hours. Therefore, the rate of ligation 
10 in &e absence of effector in configuration 1 must be less than 3 X 10'^ min ^ ^at pH 8). 
GivCT that the HCV-Hal&yme in the presence of effector has a rate of 0.113 min*\ this 
gives a H-efiEecto^-efrector rate differmtial greater than 3.8 X 10^. This rate differential is 
at least equal to the + efFectorZ-effector rate differential afforded by configuration 3. 
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Consequently, in so &r as the late differCTLtial controls L.O J>., the true L.OJD. affozdied 
by configuratioii 1 is predicted to be as good or better than the L.O J), provided by 

conjQguratioii 3. Thus, the very low extent of 'background* RNA ligation, ^ggests^that 

.• 

multiple tumovCT HCV-Halfeymes in configuration 1, or variants of configuration 1, may 
5 ultimately provide more sensitive detection of nucleic adds than Hal&ymes in multiple 

turnover configuration 3. 

♦ • 
HCV>Halfevme Development: Conclusions 

Applicant has developed HCV-activated Halfeymes and to detennine Iheiif Limit of 
Detection (L.OJD.)- This study entailed the production of HCV-Halfiiymes derived from 
10 successive Directed Molecular Evolution processes, their biochemical characterization, 
the construction of multiple turnover HCV-Halfeymes, and their use in limit of detection 
(L.O.D.) detenninations. 

^^^^^ _ • ^ • 

The HCV-Halfzymds that were ultimately obtained firom DME display autoligatipn 
rates (ligation of substrate 2 to their own 5* end) that are indistinguishable from the 
15 cdnstitutively active class I ligase upon which they are based. The observed rate of this 
reaction is too fast to measure under the conditions used for L.OJD. determinations (>15 
min'^), and could equal class I ligase (-120 min" ^ under thesie conditions). Thus, DME 
produced HCV-Hialfeymes that were extremely efficient at performing autoligation 
reactions. 

« 

■ 

20 Several different configurations of multiple turnover HCV-Hal&ymes W€re 

developed from the efficient HCV-Halfzymes obtained in DME. Of these, two 
configurations (1 and 3) were characterized in detail. The tw:o configurations have very 
difiEerent properties. In configuration 3, the two substrates interact with one another 
througji Watson-Crick interactions in the absence of HCV-Halfeyme. These two 

25 substrates associate with flie effector bound HCV-Halfeyme by forming Watson-Crick 
base pairs witii the HCV effector. In configuration 1, the two substrates do not interact 
^th one ano&er. Substrate 2, but not substrate 1, forms a stable complex with the HCV- 
Hal&yme. 
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The multqjle turnover rates of liiese HCV-Hal&yme configurations axe 0.75 min^ 

■ 

(configuration 3) and 0.1 min (configiniation 1). Thus, the time required for single 
catalytic cycles in tiie two configurations is 1,4 minutes and 10 minutes^ respectively. 
Optimization are to maximize th&se multiple turnover rates was underway. Multiple 
turnover HCV-Halfzyme catalysts that fimction with a rate identical to the autoligation 
reaction would produce >1 5 products per minute. 

These two configuratioiis.of multiple tumov^ HCV-Hal&yme differ dramatically 
hi the rate of background ligation that they promote. In configuration 3, this rate is 32, X 
10 nmf at the conditions used for L.OJD. determinations. In contrast, the substrate 
RNAs used for HCV-Hal&ymes in configuration 1 show absolutely no background 

m 

ligation (indicating a rate of no more than 1 X 10'^ min 

L.OJD. determinations conducted at RPI utilized substrate KNAs that were partially 
labeled with 32P, gel electrophoresis to resolve ligated product firom substrate^ and 
phosphorimage analysis for the direct visualization and quantification of ligated product 
Using conditions that optimize detectable signal ratiier tiian turnover rate, the 
configuration 3 HCV-Halfeyme yielded an average 2SD L.O.D. of 1800 molecules. 

Materials and Methods 
KNA Synthesis 

Substrate 2 KNAs were produced through standard oligoribonucleotide synthesis 
procedures. S' triphosphorylated substrate 1 oligoribonucleotides were made either by in 
vitro T7 B3^A polymerase transcription of a corresponding DNA template, or by organic 
synthesis (procedure described below). Hal&ymes were produced by in vitro T7 RNA 
polymerase transcription fix>m DNA templates. DNA templates were either generated 
from PGR of an existing Hal&yme constmct^ or from two overlapping anti-parallel DNA 
oligonucleotides timt were first ext^ided to completion with Taq polymerase. 
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Preparation of 5*-triphospli\Tlated RNA 

Oligonucleotide S' -triphosphates were prepared by subjecting solid si:qpport bound 
oligonucleotide to the conditions used for the prepaia^on of nucleoside S*-tiiphosphate 
(19). Modifications to this procedure (described below) were introduced in order to make 

♦ 

it suitable for synthesis on oligoribonucleotides attached a to solid support. 
Organic Synthesis: 

1 . Dry 2.S uM synthesis colunm at 35 under high vacuum for 2 h. 

2. Wash colunm with dry pyridine (10 mL) foUowed by diyDMF (10 mL)^ 

3. Slowly push through the colunm 2 mL of fireshly prepared solution of salicyl 
chlorophosphite (0.8 Ig) in dioxane-pyridine-DMF (2.5:1:0.5, 4 mL) for 8 ynm 
Discard the solution and repeat the above procedure wifli 2 mL firesh of reagent 
Total time: 16 min. 

4. Wash column with dioxane (10 mL), followed by acetonitrile (10 mL). 

5. Slowly push through the colimm 2 mL of well mixed 0.5 M P207^-L5 BU3N 
(Sigma, 0.712 g) in DMF-BU3N (3:1, 4 mL) for 10 mm. Discard the solution and 

. repeat the above procedure witii fresh 2 mL of reagent Total time — 20 min. 

6. Wash column with DA4F (10 mL), followed by acetonitrile (10 mL). 

7. Push througjh the colmnn 2 mL of oxidation solution (3g I2 in H20-pyridine-THF 
2:20:75) for 20 min. 

8. Wash column with 70% pyridine-water (10 mL), acetonitrile (2x10 mL) and THE 
(lOnaL). Dry withair orimder vacuirai. ^ 

Deprdtection: 

I 

Base d^rotection: 2 mL of cone, ammonia, 5 h @ 60 oC 

TBDMS cleavage: 2 mL of IM TBAF (Aldrich) (dried for 3 days over activated 4A 
molecular sieves), 16 h. Quench with 5 mL 1.5 M sodium acetate (pH 5.2). THF removed 
in vacuo, aq. layer extracted twice with ethyl acetate. Precipitation of the product with 20 
mL of ethanol, followed by centrifiigation at 16000 x g produced a pellet 



« 
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Gel ElectroDhoresis 

1 

Denaturing Gel Electrophoresis 

Deiiaturmg^ 20% actylamide gels (19:1 aciylamideibis-aciylamide) were run at 

• • • . 

zoom temperature at a constant power of 50 Watts for approximately 3 h in IX TBE 

5 buffer (90mM Tris-Borat^ 4mM EDTA). Gels were pre-nm for approximately for 0.5 h 

. - " ■ 

before loading the samples in an equal amoxmt of gel loading dye (95% formamide, 
lOmM EDTA, 0.003%- bromopbenol blue and xylene cyanol). After running and 
disassembly, gels were dried and used to expose Molecular Dynamics Phosphoimager ^ 
cassettes. The intensity of radiolabeled RNA was determined using Imagequant software 
10 (Molecular Dynamics). 

Non-denaturing Gel Electrophoresis and RNA-RNA Affinity Determinations 

w 

Ten percent non-denaturing acrylamide gels (19:1 acrylamideibis-^c^ylamide) woe 
run at a constant power of 50 Watts for approximately 5 h and used the followmg bufiSsr 
conditions: 5QmM Tris-HCl pH 7.5, 0.6mM EDTA, 30 or 60mM MgCLZ. The 

15 tempCTature of the gel was held constant at 23**C by using an anti&e»;e coolant coil 
placed in the buffer chamber adjacent to the gel and the pH was maintained at 7.5 by 
constant circulation of the buffer between the upper and lower chambers of ih& ^el 
apparatus using a peristaltic pump. In each experiment, one of the two KNAs was 5*-end 
radiolabeled and used in trace amounts while the second RNA varied in concentration. 

20 Binding reactions were allowed to equilibrate and loaded directly onto pre-ass^nbled 
native gels. Aft^ running and disassembly, gels were used to expose Molecular 
Dynamics Phosphoimager cassettes. The intensity of complexed and uncomplexed 
radiolabeled RNA was determined using hnagequant software -^Molecular Dynamics). 

• ft 

_ a 

The affinity of RNA-RNA interactions was determined using KaleidaGraph software and 
25 data fit to the equation: fraction bound=[non-labeled RNA]/(KD[non-labeled RNA]), 
where [non-labeled RNA] represents the RNA that varied in concentration. 
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• f 

Apparatus Set Up 

Two plates of glasses, spacers and a comb were wiped by 95% EtOH. 1/150 
volume of 10% APS and 1/1500 volume of TEMED were added to x% acrylamide in 7M 
Urea-lxTBE. After mixing those, the aciylamide soliriion was thrown into the glass 
plates as soon as possible, and the comb was put into. 30-minutes later, the comb was 
taken off and the gel was pre-run by IX TEE, After pre-running, samples, which were 
imxed loading dye (e.g. 9 5% Formamide, IQmM EDTA, 0.03% BPB, 0.03% XP)i were 
applied on the gel.. AflCT running, a gel was quantitated by phosphoimage analysis. For 
exanaple, positions of substrate 2 and product are as a right pictore on 15% acr>ilamide 
gel. 

Kinetic assays wore perfonned at 23oC in 30mM buffer at 3 inM to 120 wM 
MgC12 as specified. Solutions were buffered wilh MES (pH 5.5, 6.0, 6.5) or Tiis-HCl 
(pH 7.0, 7.5i 8.0, 8.5, 9.0). In all assays, the HCV-Halfzyme and effector weie heated at 
80oC for two minutes, 5X buffer was immediately added, and the reaction allowed to 
cool to 23oC over 5 minutes. Reactions were initiated by addition of substrate RNAs. 

Single turnover kinetic assess 

A trace concentration of 5'-32P labeled Substrate 2 (<5nM) was incubated with 1 
uM HCV-Halfcyme- Time points were taken from 5 sec. to 30 minutes depending on the 
catalytic rate of the HCV-Halfeyme. Single turnover observed rates were detemiined by 
fitting the quantified data either to a linear equation (firaction ligated versus time) or to the 
single exponential equation: fiaction ligated = Fa(l-e-kt), where t equals time, k equals 
rate of catalysis, and Fa equals the firaction of ligated substrate 2 at completion. Data was 
fit using Kalidagr^h (Synergy Software). 
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Multiple turnover Vinptic assays 



10 



Turnover rates were calculated fixan the imtial rate of the reaction (<20% substrate 

converted to ligated product) and fit to the following equatioiu ([ligated product]yI32P 

substrate 2]*[HCV-Hal£syme]). Whea required, Michaelis-Menten parametos were 

established by varying substrate concentration and fittmg to the Michaelis-Menten 

equation: Data were fit to flie equation: v = [E][S]kcat/<KM+[S]), where v equals at 

each [S], S represents substrate 1 concentration (the concentiatiQn of substrate 2 was 

• • • • * 

always equal to substrate 1 concentration), KM equals apparent binding constant for half- 

maximal activatioiL Conditions for the dijQferent configurations of multiple turnover 

« 

HCV-Hal&ymes are described below. 



Table VI 





+£ffBCtor 


-Effector 


NoHZ.NoEff 




Halfeyme (5uM) • 


• 2 


•2 


^ • 


0.5uM . 


Effector (BuM\ . * 


J 2 






0.5UM 


HiO. 


fS 


S.9 


. ' SJB 




Heat 60 degree fiDrZintns^ cool tD22 degree Cdt 5 mins. 
















5 X reaction- buffer . . 


■' '^V 4 




4 














substrate 1 • 


5 


* .5 


5 




substrate 2 


6 


5 


5 




■^-substrate 2 


0.1 


0.1 


. 0.1 


Trace 


Total 


20 


20 


20 





Solufioal 



SohiBon 2 



Configuration 1: Unless otherwise noted, assays w«e carried out at 4 mM 
pppGGA, <5 nM to 25 uM of 5'-32P labeled substrate 2, 0.5uM HCV-Halfeyme, 40 mM 
15 ^^C32, and 30 inM Tris-HQ CpH 8.0). Data points were taken &oin lb to 48h. 

Configuration 3: Assays were carried out wifh equal concoitrations of substrate 1 
and substrate 2 (at 0.5 uM), trace 5'-32P labded substrate 2, 0.5 HCV-Hal^uie, 60 or 
120 mM MgC12 at pH 6.5 or 7.5. Data points were taken from 6.5 h to 20 h. 
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Limit of Detection fL.O.D.) Determinations 

* " • * 

L.O.iD. detemiinations carried out at 23^C in 3QmM buffer^ 0.6mM EDTA, 
and at different pHs and concientrations of MgC12 depending on the particular 
configuration of multiple turnover HCV-Hal&yme (see below): Assays contained 0^ 60» 

« 

5 180, 600, 1800, 6000, 1.8 X 104, 1.8 X 105, 1.8 X 106 or 1.8 X 107 HCV efBsctor 
molecules, which were serially diluted into lOOng/pL yeast tRNA from a concoitrated 
stock solution of synthetic HCV-effector oligonucleotide (concentration determined by 
OD260 and the extinction coefBcient of the HCV effector oligonucleotide, e« 2.8324 X - 

ft 

105 M-l cm-l). 

10 In all. assays, HCV-Hal&yme (O.S uM) and effector nucleic acid were heated 

together at 80oC for two minutes, SX buffer immediately added, and allowed to cool to 
23oC over S minutes. Reactions were initiated by addition of both substrate RNAs. When 
the level of HCV effector approached the L.O J>. of the HCV-Halfeyme reactions were 
performed at n = S. Control reactions in which HCV effector nucleic acid was omitted 

15 were also pCTfoimed at n = 5. 

* • - - 

Configuration 1: Assays were carried out at 1 mM pppGGA, 12.5 uM Substrate 2- 
4a, 0.5uM HCV-Halfeyme, effector, 30mM Tris-HQ (pH=8.0), 120 mM MgC12, and 
0.6mM EDTA. Reaction time was 65 h. 

Configuration 3: Assays were carried out at 0.5uM of Substrate 1 and Substrate 2, 

• 20 0.5 uM HCV-Halfeyme, effector, 30mM Tris-HCl (pH=7.5), 60mM MgC12, and 0.6mM 

EDTA. Reaction time was 45h. 

Table Vn 



wo 03/089^0 



PCTAJS02/3K29 



121 





-t-Effector 


•Effector' 


Final cone 


Hatfzvme (5uM) 




• .0^ 


0.5UM 


EfFector 


1 






fRNA(100f«M) . 




1 


* • • 
ft 






2^ 




Heat 80 degree for 2m{ns., oool to 22 degree for 5 inlnSb 










5 X reaction btifliar 


1 


1 












substrate 1 


0.5 


0.5 




substrate 2 


OJS 


0.5 




"P-subsbBte 2* 


0^ 


0J2 




Total 


5 


5 





ftotutton 1 



Sdhifion2 



(Id) 



Directed Molecular Evolutioli 



DME-1: 



Library constructipn: 



S The pool for DME-l was derived jBnom the Qass-l ligase. The pool contained a 

central region of 62 positions mutagenized to 30% and flanked on both sides by constant 
sequence region (S- 

ACACCGGAATTGCCAGGACGACCGgggggtgcctcccctggatccgaagatcggt^ 
cacatttgtcttttabgGTACCAGTCGTTrGGATTTCC^^ (SEQ ID NO: 82). The pool was 
10 amplified in a 5 mL PGR reaction using primers that added the promoter sequence for T7 
RNA polymerase (5 - 

GCTAATACGACTCACTATAGGAAATCCAAACGACTGGTAC>3' <SEQ ID NO: 83) 
and 5'-ACACCGGAATrGCCAGG-3', (SEQ ID NO: 84)). The final compleadty of the 

• » 

population was 1X1 0^^. One nmole of the pool DNA was transcribed with T7 
15 polymerase in a 2 mL reaction and RNA ptirified on a 10% pol^^crylamide geL 



Selection: 



20 



Selecdon.was carried out starting wi& 2X1015 molecules (4 nmoles). Pool KNA 
and 1.1 equivalent of effector RNA (5'- 

ACACCGGAAUUGCCAGGACGACCXjGGUCaJU^ <SEQ ID NO: 

85)) was heated in water to 80oC for 3 miiL and cooled to room temperature for 10 min. 
2X selection buffer was added (final buffer conditions: 30 mM Tris <pH 7.5), 200 mM 
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KCl, 0.6 mM EDTA and 60 mM MgC12) along wiHi 2.2 equivalents of a substrate 2 
valiant that allowed ligation product-specific PGR- After a define period of incubation, 
flie reaction was stopped by the addition of EDTA, HCV-Halfeyme ligated to substrate 2 
was purified on a 10% denaturing acrylamide gd. The selected KNA was aniplified by 
RT-PCR and the T7 promoter was restored through a niested PGR. A total of 8 rounds of 
DME were perfomed. At each, the selection stringency was increased by progressively 
decreasing the ligation time fix)m 16 h to 15 sec. in round 8tti. A negative selection step 
of 20h incubation in Ihe absence of effector of 20 h was introduced in round 4th to 
prevent the amplification of effector-independent ligases. 



DME-2: . 
Library construction: 

The pools for DME-2 were, constructed based on the 8/7 HCV-Halfeyme &om 

m 

DME-1. Three libraries were constructed in which random sequences of either 30 or 26 
15 nucleotides were inserted at different positions (liteary-l, 5- 
CCAGGACGACTGCAGGGTGCCACCTGTAGATC(N30)GATCGGTCC^ 

• • • » « 

AGGGCACATTrGTCiiriTlX3-3' (SEQ ID NO: 86); library-2,. 5'- 
GGAAATCCAAACGACTGGTACAAAAAAGACAAAT0Sr26)GTGCCCTCAGATCA 

AGGACCXaATCTTCGGATCrACAGG-3V (SEQ ID NO: 87); libraiy-3, 5'- 

20 

AGGACCGATCTTCGGATCTACAGG-S', (SEQ ID NO: 88)). Each library was 
amplified in a 5 mL PGR reaction usmg primers that extended the 5' constant region and 

■ 

added the promoter sequence fOT T7 KNA polymerase (5- 
GCTAATACGACTCACTATAGGAAATCCAAACGACTGGTACAAAAAAGACAA 

25 ATGTGCC-3'. (SEQ ID NO: 89); 5'- 

CCAGGACGACTGCAGGGTGCCACCTGTAGATCCGAAGATCGGTCC-3'. (SEQ ID 
NO: 90); 5'-GCTAATACGACTCACrATAGGAAATCX:iAAACGACTGGTAC-3' {SEQ 
ID NO: 91) and 5'-CCAGGACGACTGCAGGGTGCC-3', (SEQ ID NO: 92)). The final 
complradty of the each population was -3X1014. 0.6 nanomole of the -each pool was 
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transcribed separately wilfa T7 RNA polymerase in a 1 wiL reaction and RNA purified on 
a 10% polyacrylanude geL 

Selection: 

. Selection was carried out starting wifli 1X1015 molecules for each DME. Each 

. • • ' 

5 library was subjected to selection at pH 6.0 (MES) and pH 7.5 (Tris-HCl). library KNA 
and 1.1 equivalent of ejSector RNA (5.- 

CCAGGACX3ACCGGGyCCUIJUCUUGGAUAA-3', (SEQ ID NO: 93)) was heated in 
water to 80oC for 3 min. 4X selection buffer was immediately added along with MgC12 
to bring the buffer conditions at 30 mM Tris pH 7.5 (or MES pH 6.0), 0.6 mM EDTA and 

10 0.1% NP40. A tottl of 8 rounds of DME were performed. ^gC12 was progressively 
decreased to increase the stringency of selection (20 mM in round 1 to 3 mM in round 8). 
Selection stringency was also increased by progressively decreasing the ligation time 
from 10 min. to 5 sec. in the round 8th. Reactions were started by the addition of 
substrate 2. Selected KNA was amplified as in DME-1. A negative selection sbqp of 20 h 

15 was introduced in rounds 5, 7 and 8 to prevmt the amplification of effector-independent 
ligases. Libraries firom PME-2s conducted at pH 6 and pH 7.5 were mixed s^arately 
after roimd 7 and made to compete against one ano&er. 

CToninp and Sequencing 

To identify individual clones, DNA firom the final cycle of DME was cloned into E. 
20 coli (TOP 10) using TOPO TA cloning kit according to manufacturer's instructions 
. (Invitrogen). Cloned DNA firom individual colonies was amplified by the colony PGR 
method using M13 forward and M13 reverse primers* Both strands of each clone were 
PGR sequenced using dideoxy-teiminated sequencing and fluorescent dyes (ABl). 

■ 

Sequencing reactions were analyzed on an ABI Prism 310 Genetic Analyzer and sequence 
25 alignments performed using DS Gene software. 

Other uses 

■ 

* 
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The nucleic acid sensor molecules of this invention can be used as diagnostic tools 
to exanaine genetic drift and mutations witibin diseased cells or to detect the presence of a 
specific RNA in a cell. The close relationship between nucleic acid sensor molecule 
activity and the structure of the target KNA allows the detection of mutations in any 
region of the molecule which alters the base-pairing and three-dimensional stmcture of 
the target RNA. By using multiple nucleic acid sensor molecules described in this 
invration, one can map nucleotide changes which are important to KNA stmcture and 
fimction in vitro^ as well as in cells and tissues. Qeavage of target KNAs with nucleic 
acid sensor molecules can be used to inhibit gene expression and define the role 
(essentially) of specified gene products in the progression of disease. In this manner, 
otiier genetic targets can be defined as important mediators of the disease. These 
experiments can lead to better treatment of the disease progression by ajSbrding the 
possibility of combinational therapies (js^g., multiple nucleic acid, sensor molecules 
targeted to different genes, nucleic acid target molecules coupled with known small 
molecule inhibitors, or intemiittent treatment with combinations of nucleic acid sensor 
molecules and/or other chemical or biological molecules). Other in vitro uses of nucleic 
acid sensor molecules of this invention comprise detection of the presence of mKNAs 
associated with a disease-related condition. Such KNA is detected by deteraiining the 
presence of a cleavage product after treatment with an enzymatic nucleic add molecule 
using standard methodology. 

. ^ ?^?^pl?» .?^l?ip ?pid_s^isor molMidM wluch cleaye only wild-type or 

mutant forms of the target KNA are used for the assay. The first nucleic acid sensor 
molecule is used to identify wild-type KNA present in the sample and the second nucleic 
acid sensor molecule is used to identify mutant RNA ru the sample. As reaction controls, 
synthetic substrates of both wild-type and mutant RNA are cleaved by bofli nucleic acid 
sensor molecules to demonstrate the relative nucleic acid smsor molecule ef&ciencies in 
the reactions and the absence of cleavage of the "non-targeted" RNA species. The 
cleavage products firom the synthetic substrates also serve to generate size markers for the 
analysis of wild-type and mutant KNAs in the sample population. Thus, each analysis 
can require two nucleic acid sensor molecules, two substrates and one xmknown sample. 
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which are combmed into six reactions. The presence of cleavage products is detenmned 
using an KNAse protection assay so that full-length and cleavage fragments of each RNA 
can be analyzed in one lane of a polyacrylamide geL Jt is not required to quantify the 
results to gain insigjit into the expression of mutant KNAs and putative risk of the desiied 
5 phenotypic changes in target cells. The e?q>ression of mENA whose protein product is 
implicated in the development of tiie phenotype is sufficient to establish risk. If probes of 
comparable specijEic activity are used for both transcripts^ thai a qualitative comparison of 
KNA levels is sufficient and decreases the cost of the initial diagnosis. Higher mutant 

m 

form to wild-type ratios are correlated with higher risk whether RNA levels are compaxed 

* • 

10 qualitatively or quantitatively. 
Additional Uses 

Potential usefulness of sequence-specific nucleic acid sensor* molecules of the 
instant invention have many of the same applications for the study of RNA that DNA 
restriction endonudeases have for the study of DNA (Nathans et al., 1975 Ann. Rev. 

15 Biochenu 44:273). For example, the pattern of restriction fiagments. can be used to 
establish sequence relationships between two related RNAs, and large RNAs can be 
specifically cleaved to fragments of a size more useful for study. The ability- to engineer 
sequence specificity of the enzymatic nucleic acid molecule is ideal for cleavage of RNAs 
of unknown sequence. Applicant describes the .use of nucleic acid molecules to detect 

20 g^e e7q)ression of target genes in bacterial, microbial, fungal, viral, and eukaryotic 

systems i nclu ding plants or^^ ^J^ll^i^ _ 

The nucleic acid sensor molecules of Ihe invention represent a new • class of 
therapeutic agents capable of modulating the expression of target ^enes, peptides, ' 
proteins, and other biologically active molecules in vivo as described herein. The 

25 therapeutic activity of nucleic acid sensor molecules of the invention can respond to both 
internal and external stimuli in a subject, for example the presence of a gene, pathogen, 
SNP, pq)tide, protein, RNA, metabolite, neurotransmitter, co-&ctor, drug, toxin, or 
physical stimuli such as light, gravity, tempmture, and pressure. 

AD patents and publications mentioned in the specification are indicative of the 

30 levels of skill of those skilled in the art to which the invention pertains. All refoences 
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cited in this disclosure aie incoiporated by referrace to fhe same gxXgxA as if each 
. refi^ence had hoen incoiporated by reference in its mtirety individually. 

One skilled in the art would readily appreciate that the present invention is well 
adapted to carry out the objects and obtain the ends and advantages mentioned, as well as 
S those inh^ent therein.' The methods and coxnpositions described herein as presently 

m 

representative of preferred embodiments are exenq>lary and are not intended as 
limitations o^ the scope of &e invention. Changes therein and o&er uses which are 
encompassed within, the spirit of the invention, are defined by the scope of the claims. 

It will be readily apparent to one skilled in the art that varying substitutions and 

10 modificatioiis can be made to the invrntion disclosed herdn without departing from the 
scope and spirit of the invention. Thus, such additional embodiments axe within the scope 
of the present invention and the following claims. 

The invention illustratively described herein suitably may be practiced in the 
absence of any element or elements, limitation or limitations which is not specifically 

IS disclosed hereiiL The terms and expressions which have been employed are used as terms 
of description and not of limitation, and there is no intention, that in the use of such terms 
and repressions of excluding . any equivalents of the features shown and described or 
portions thereof^ but it is recognized that various modifications are possible within the 
scope of the invention claimed. Thus, it should be und^stood fhat althougjh the present 

20 invention has been specifically disclosed by preferred embodiments, optional features, 
modificatioii and variation of the concepts herein disclosed may be resorted to by those 
skilled in the art, and that such modifications and variations are considered to be witihin 
the scope of this invention as defined by the description and the appended claims. 

In addition, where features or aspects of the invoition are described in teems of 

25 Markush groups or oth^ groining of alternatives, those skilled in the art will recognize 
that the invention is also thereby described in terms of any individual member or 

« 

subgroxQ) of members of the Markush groi^ or other group. 
Other embodiments are within the following claims. 



« 
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Table I 

A. 2.5 pmol Synthesis Cycle ABI 394 instrument 



Reagent 


Equivalents 


Amount 


Wait Time* DNA 


Walt Time* 2'-0-mettiyi 


WaltT!me*RNA 












* 


Phosphoramidites 


6^ 


163 tiL 


45 sec 


2.5 min 


7.5 ndn 


S-Ethyi Tetrazole 


23.8 


236 |jL 


45 sec 


2.5 min 


73 min 


Acetic Anhydride 


100 


233 mL 


5 sec 


S sec 


58ec 


AMUethyl. 
Imhiazole 


166 


233 (iL 


5 sec 


5sec 


5sec 


TCA 


176 


2.3 mL 


21 sec 


21 sec 


21 sec 


Iodine 




1.7 mL 


45 sec 


45 sec 


45 -sec 


Beaucage 


12.9 


645 pL 


100 sec 


300sec 


300sec 


AoetonitHte 




6.67 iriL 


I4A 


NA 


NA 



Reagent * 


Equivalents 


Amount 


Wait Time* DNA 


Wait Time* 2'-0-raethyi 


Wait Tlme*RNA 














Phosphoramidites 


15 


31 ML 


45 sec 


233sec 


465 sec 


S-Ethyl Tetrazole 


38.7 


31 pL 


45 sec 


233 mbi 


465 sec 


Acetic Anhydride 


655 


124 fjL 


5 sec 


5sec 


5sec 


A^Methyl Imidazole 


1245 


124 ML 


5 sec 


Ssec 


.5sec 


TCA 


700 


732 ml 


10 sec 


10sec 


10 sec 


Iodine 


20.6 


244 ml . 


15 sec 


15 sec 


15 sec 


Beaucage 


7.7 


232 mL 


100 sec 


300 sec* 


300 sec 


Acetonikrfle 


IMA 


2.64 niL 


NA 


NA 


NA 



Reagent 


Equivalents:DNA/ 
2*-0-methyi/Ribo 


Amount: DNA/2'-0* 
methyl/Ribo 


Wait Time* DNA 


Wait Time* Z'-O- 
metiiyl 


Wait Time* 
FUbo 














Phosphoramidites 


22/33/66 


40/60/120 pL 


60 sec 


180 sec 


360sec 


S-Ethyl Tetrazole 


70/105/210 


40/60/120 ML 


60 sec 


180 m!n 


360 sec 


Acetic Anhyddde 


265/265/265 


50/50/50 mL 


10 sec 


10 sec 


10 sec 


N-Methyl Imidazole 


502/502/502 


50/50/50 ML 


10 sec 


10 sec 


10 sec 


TCA 


238/475/475 


250^00/500 ML 


15 sec 


15 sec 


15 sec 


Iodine 


6.8/6.8/6.8 


60/80/80 pL 


30 sec 


30 sec 


30 sec 


Beaucage 


34/51/51 


80/120/120 


100 sec 


200 sec 


200 sec 


Acetonftrfle 


NA 


1150/1150/1150 ML 


NA 


NA • 


NA 



Wait time does not include contact time durinp delivery. 
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Claims 



1. A nucleic acid sensor molecule comprising an enzymatic nucleic acid componrat and 
a separate effector component^ wherein ihe enzymatic nucleic acid is assembled from 

■ ■ » ■ _ _ 

two or more separate nucldc acid molecules, wherdn the separate effector 
5 component is one of the two or more separate nucleic acid molecules that make up 

flie CTizymatic nucleic acid component of the nucleic acid sensor molecule, such Uxo in 
the presence of the s^arate effector component, the enzymatic nucleic acid 
component assembles in a form nocessaiy to enable the nucleic add sensor molecule 
to catalyze a chemical reaction involving one or more reporter molecules, and 
10 wherein the effector and the reporter molecules are separate molecules. 

2. The nucleic add sensor molecule of claim 1, wherein the chemcial reaction is a 

■ • 

ligation reaction. 

3. The nucleic add sensor molecule of claim 2, wharein the ligation reaction involves 
covalent attachment of a first reporter molecule to a second reporter molecule. 

15 4. The nucleic add smsdr moleculie of claim 2, wherein the ligation reaction results in 

■ * ■ 

the formation of a phosphodiester bond. 

5. The nucleic acid sensor molecule of claim 3, wherein lie first or second reporter 
molecule indq>endently comprises a terminal phosphate group. 

6. The nucleic acid sensor molecule of claim 1, wherdn ftio chetncial reaction is a 
20 phosphodiester cl^vage reaction. 

7. The nucleic add sensor molecule of claim 1, wherein the reporter molecule comprises 
one or more polynucleotides. 

8. The nucleic add sensor molecule of claim 1, wherein the enzymatic nuddc acid 
component is assembled from two s^arate nucleic add molecules. 
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9. The nucleic acid sensor molecule of claim 1» wherein th? en:qanatic nucleic acid 
component is assembled fiom. three separate nucleic acid molecules. 

10. A me&od, coinprisiiig: * ^ 

(a) contacting the nucleic acid sensor molecule of claim 1 with a system under 
conditions suitable for the nucleic acid sensor molecule and to catalyze a chemical 

* reaction on a reporter molecule; and 

* ' * * 

(b) assaying for the chemical reaction on the reporter molecule. 

11. The method of claim 10» wherein the chemical reaction is indicative of the presence 

« • 

of a target nucleic acid in tibie system. 

12. The method of claim 10, wherein the chemical reaction is indicative of the system 
lacking a target nucleic acid. 

13. The nucleic acid sensor molecule of claim 1, wherein the Sector component is an 
RNA or DNA derived from a bacteria, virus, fimgi, plant or. mammalian genome. 

14. The method of claim 1 1, wherein the target nucleic acid is an RNA or DNA derived 
from a bacteria, virus, fungi, plant or mammalian geaome. 

15. The nucleic acid sensor molecule of claim 1, wherdn the effector conq>onent 

■ 

comprises a sequmce derived^from the Hepatitis C virus (HCV). 

16. The method of claim 11, wherein the target nucleic acid comprises a sequence 
derived from the Hepatitis C virus QiCV) 5 '-UTEL 

17. The nucleic acid sensor molecule of claim 15, wherein the H^atitis C virus (HCV) 
sequence is doived from the 5'-UTR. 

18. The method of claim 16, wherdn the H^atitis C virus (HCV) sequence is dervied 
fiomfheS'-UTR. 

19. A kit compzising the nucleic acid sensor molecule of claim 1. 
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20. A nucleic acid sensor moleciae comprising an enzymatic nucleic acid component and 
one or more sensor components whraein, in response to an interaction of a sin^e 
stranded RNA (ssRNA) having a single nucleotide polymorphism (SNP) willi the 
nucleic acid sensor molecule in a system, the enzymatic nucleic acid component 
5 ■ catalyzes a chemical reaction resulting in a detectable response. 



'.Ilia 



21. A nucleic acid sensor molecule comprising an enzymatic nucleic component 
one or more s^isor components whereLo, in response to an interaction of a single 
stranded DNA (ssDNA) havmg a single nucleotide polymorphism (SNP) witJi the 
nucleic acid sensor molectde in a system, ttie en2gTOatic nucleic acid component 
10 catalyzes a cheniical reaction resulting in a detectable response. 



22. A nucleic acid sensor molecule comprising an enzymatic nucleic acid component and 
one or more s^isor components wherein, in response to an interaction of a single 
stranded KNA (ssRNA) with the nucleic acid sensor molecule in a system, the 
enzymatic nucleic acid component catalyzes a ciemical reaction resulting in cleavage 
15 . of a predetermined nucleic acid molecule associated wifli a 



23. A nucleic acid sensor molecule comprising an enzymatic nucleic acid component and 
one or more sensor components wh^ein, in response to an interaction of a single 
stranded DNA (ssDNA) witii the nucleic acid sensor molecule in a system, the 
enzymatic nucleic iacid component catalyzes a chemical reaction resulting in cleavage 

20 of a predetermined nucleic acid molecule associated with a disease. 

24. A nucldc acid sensor molecule comprising an enzymatic nucleic acid coniponent and 
one or more seasar componoits wherdn, in response to. an interaction of a siz^e 
stranded RNA (ssRNA) having a single nucleotide polymorphism (SNP) with tiie 
nucleic acid sensor molecule in a system, the enzymatic nucleic acid component 

* 

25 catalyzes a chemical reaction residting in ligation of a predeterauned nucleic acid 

molecule to another predetermined nucleic acid molecule. 

25. A nucleic acid sensor molecule comprising an razymatic nucleic acid component and 
one or more sensor components wherein, in response to an intaaction of a single 
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Stranded DNA (ssDNA) having a single nucleotide polymoiphism (SNP) with the 
nucleic acid sensor molecule in a system, the enzymatic nucleic acid coiiqpon^t 
catalyzes a chemical reaction resulting in ligation of a predetCTnined RNA molecule 
to another predetennined SNA molecule. 

26. A method compiising: 

a. contacting the nucleic acid sensor molecule of claim 1 with a system 

« 

comprising at least one ssRNA having a single nucleotide polymorphism 
(SNP) under conditions suitable for the enzymatic nucleic acid componsnt 
of the nucleic acid sensor molecule to catalyze a chemical reaction 
resulting in a detectable response; and 

b. assaying for said chemical reaction. 

27. A method comprising: 

■ ■ 

a. contacting the nucleic acid sensor molecule of claim 2 with a system 
comprising at least one ssDNA having a single nucleotide polymorphism 
(SNP) under conditions suitable fotr the enzymatic nucleic acid component 
of the nucleic acid sensor molecule to catalyze a chemical reaction 
resulting in a detectable response; and 

b. assaying for said chemical reaction resulting in a detectable response. 

28. The nucleic acid sensor molecule of claizn 20 or claim 21, wherem said chemical 
reaction is cleavage of a phosphodiester intemucleotide linkage. 

29. The nucleic acid sensor molecule of claim 20 or claim 21, wherem said chemical 
. reaction is ligation of a predetemiined nucleic acid molecule to Ibe nucleic acid 

sensor molecule. 

30. The nucleic acid sensor molecule of claim 20 or claim 21, wherein said chemical 
reaction is ligation of a predetemiined nucleic acid molecule to ano&er 
predetermined nucleic acid molecule. 
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Figure B: Secandary structure of M 5'-U1R 



11 



in 

I 



'Ann B* 




II 



11 

I 



S'eccA EUAcucciiccADiiEiiociiCDec AiieeeccGiieceeEe see 



•II 
ll 
ll 

Bf„0 




1 1 ill i! 



c 



A 



C 



ll 



1 



i 



ll 



ll 



C 
A 

ii 



I 



11. 



ll 

■ij 




cJlc 

i 



t 



j 

ll 

n D B . lie 





Uii 



* 



GfiABBfiCGC m 



B A 






LLUiLL!LLiA.L«. 



6/39 



wo 03/089650 



PCT/US02/3SS29 




o 

e 

CO 



T 2 2 5 £ g £ 

El q. q. a. q. cl q. 

z z' z z z z z 

CO CO - CO CO CO, CO CO 



S2 9 P S5 ^ ^ 



CD 
00 



CD 

E> 

.CO 



I . ih in to in in in in in 

I I I - I > ' * ..M 

* * • 

cd H H H H . E-» tn EH ^ 

• ^ I I I I I I I I 

"'of* ^ t> O O CD O O O O ^ 

. ^ ^ cn u u u cj o X) o O! 

''^ y (tf Eh H H E-i E-« 



I I I 



" \j w« 

mCQCOmOQCQCQ w 



7/39 



wo 03/0^^0 



PCTAJS02/35i529 



o 



0) 



0) 

Q 




CO 



E 

CO 




o 




o 



o 

Q> 




CO 





> 



« o 

< 

CO o 




<^ O K ^ O <5 



in 

■ ■ 

O 



Q 

a 

LLI 
CO 





0) 



o 

o 



« • 

o 



O - D> 
St- P> 



o 

US 
CO 



Wd 03/089650 



PCTAJS02/35529 



Figure 3A 
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Figure 13B 
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